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CHAPTER - I 
I N T R O D U C T I O N 
Since the days of the sindh valley civilization about 
5000 B.C. to modern time, groundwater has palyed a vital 
role as a sustained source of water supply not only for 
drinking but also for irrigation. At present groundwater 
contributes over 50 percent of the irrigation potential 
created in the country. Out of total irrigation potential 
of 129 lakh hectare in the state of Uttar Pradesh the area 
irrigated through groundwater resources covers 105 lakh 
hectare whereas only 24 lakh hectare area is irrigated 
through major and minor surface water irrigation schemes, 
which shows clearly the importance of groundwater as a vital 
source in raising the agriculture production. 
Groundwater development activities in the state of 
Uttar Pradesh started in the late thirties and till the early 
fiftees it was limited to parts of west Uttar Pradesh. But 
in view of the new strategy for increased agricultural 
production, the Government of India, in association of 
T.C.M. of U.S.A. started large scale groundwater exploration 
in the Central Ganga basin. The exploration generated huge 
data relevant to the oasic information regarding the nature 
of the strata, disposition of aquifer norizons and their 
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2) 
l a t e r a l and v e r t i c a l ex t ens ions , t h e i r p o t e n t i a l i t y in 
q u a n t i t a t i v e and q u a l i t a t i v e terms on r e g i o n a l s c a l e . 
With i n c r e a s i n g popu la t ion , expanding i n a u s t r i a l i -
s a t i o n and e s x c a l a t i n g a g r i c u l t u r a l a c t i v i t i e s wi th t h e 
advent ot high y i e l d i n g v a r i e t i e s of wheat and r i c e , t h e 
demand f o r water has i nc reased manifold* Huge withdrawl of 
grovindwater i n b i g c i t y c e n t r e s has r e s u l t e d in a d e c l i n i n g 
t r e n d of water t a b l e . The Al igarh Muslim Un ive r s i t y with 
i t s l a r g e campus and c i t y with seven l akh popu la t ion in i t s 
back drop i s no e x c e p t i o n . The wa te r t a b l e has a l r e a d y 
s t a r t e d d e c l i n i n g bu t before i t i s t o o l a t e ^ i t was f e l t 
n e c e s s a r y t h e r e f o r e , t h a t d e r a i l e d hydrogeologica l s t u d i e s 
be c a r r i e d out i n and around the Muslim U n i v e r s i t y campus 
i n o r d e r t o d e l i n e a t e t h e va r ious e q u i f e r system, t h e i r 
l a t e r a l and v e r t i c a l e x t e n t s , t h e i r p o t e n t i a l i t y in c l e a r 
q u a n t i t a t i v e and q u a l i t a t i v e teirms, r a t e of d e c l i n e , a reas 
of r echa rge and d i scharge in view t o ob t a in p roper under-
s t a n d i n g of groundwater iregime and fo r evo lv ing a s c i e n t i f i c a l l 
v i a b l e p lanned groundwater management programme, 
j^CATIuN, EXTENT AND COMMUNICATION : 
Al iga rh i s one of t h e most prominent d i s t r i c t s of 
t h e uanga Yamuna Doab and forms a p a r t ot Cent ra l Ganga 
b a s i n . I t c o n s i s t s of t h r e e d i s t i n c t phys iograph ic u n i t s . 
3) 
The e a s t e r n and w e s t e r n u p l a n d s and t h e c e n t r a l d e p r e s s i o n . 
The A l i g a r h Muslim U n i v e r s i t y campus and around which forms 
t h e a r e a of s t u d y s t r e c h e s from t h e N o r t h e r n Rai lway l i n e 
i n t h e west t o t h e banks of K a l i Nadi in t h e e a s t c o v e r i n g 
a n a r e a of 32b s q . tan. I t l i e s be tween l a t i t u d e 2 7 ° 5 0 ' t o 
2 8 ° 0 ' N o r t h and l o n g i t u d e 78°0 ' t o 7 8 ° 1 5 ' e a s t and f a l l s i n 
t h e s u r v e y of I n d i a t o p o s h e e t No. 54 I / I . The « r e a i s w e l l 
c o n n e c t e d w i t h r o a d s and r a i l w a y s . 
PREVIOUS WORK ; 
The a r e a has been s t u d i e d by t h e o f f i c e r s of t h e 
G . S . I , and t h e C e n t r a l Ground w a t e r Board i n t h e l a t e 
s i x t i e s . 
I n a i l 48 d e p o s i t w e l l s and 2 e x p l o r a t o r y t u b e w e l l s 
h a v e been d r i l l e d down t o t h e d e p t h r a n g i n g between 6 0 , 3 5 
t o 3 8 3 , 2 6 ra.b.g.l. by t h e C e n t r a l g round w a t e r Board u p t o 
1 9 8 0 - 8 1 . The bed r o c k s wer=> e n c o u n t e r e d a t Sa lempur a b o u t 
2o km s o u t h wes t of A l i g a r h c i t y and n e a r A l i g a r h Ra i lway 
J u n c t i o n r e s p e c t i v e l y , ^he bed r o c k e n c o u n t e r e d a t s a l empur 
a t 2 8 6 , 9 4 m . b . g . l . i s Upper Bhanda r Sands tone and t h a t a t 
A l i g a r h Rai lway J u n c t i o n i s r e d s h a l e a t 34o m . b . g . l . which 
b e l o n g t o u p p e r Vindhyan Bhandar Grtoup. 
D u t t (1969) s t u d i e d t h e Hydrogeo logy of A l i g a r h 
d i s t r i c t and c o n c l u d e d t h a t t h e a q u i f e r s a r e i n t e r c o n n e c t e d 
4) 
in nature. He has attributed the large scale wat^r logging 
condition and attendant soil salanisation to the excessive 
seepage o£ upper ganga canal into the underlying shallow 
equifers. He suggested large scale development through deep 
tube wells as an effective measure to control the rising 
water table and at the same time meeting the irrigation 
needs in view ot the inter-connected nature of the aquifer 
system. 
Fahmi and Nazir (1986) made an attempt to study 
the general ground water conditions in the campus. 
Although the general groundwater conditions through-
out the Ganga basin are known, the detailed information 
necessary for meaningful quantitative estimates of ground-
water resources is known only for a small part of the basin. 
According the investigation was carried out with 
a view to ; 
i) -Studying the origin, occurence and movement of 
ground water in the area, 
ii) Delioeating different aquifer horizons in the area 
and their interelationship, 
iii) Delineating areas of groundwater recharge and 
discharge. 
5) 
iv) Evaluating groundwater resource potential. 
v) Studying the quality of groundwater and its 
suitability for irrigation and domestic purposes. 
The field work included detailed inventory of open 
wells and tubewells, monitoring of water levels, collection 
of relevant hydrometeorological, hydrological and 
hydrogeological data and water samples for chemical 
analysis. 
6) 
CHAPTER - I I 
P H Y S I O G R A P H Y 
The A l i g a r h Muslim U n i v e r s i t y campus and a round t h e 
a r e a u n d e r r ev i ew may be d e v i d e d i n t o f o l l o w i n g t h r e e d i s -
t i n c t p h y s i o g r a p h i c u n i t s . 
1. Central depression 
2. Eastern upland 
3. Kali Khadir. 
CENTRAL DEPRESSION : 
T h i s d e p r e s s i o n l i e s be tween t h e e a s t e r n and w e s t e r n 
u p l a n d s . The A.M.U. campus forms a p a r t of t h e c e n t r a l 
d e p r e s s i o n which r u n s i n NW-SE d i r e c t i o n . T h i s d e p r e s s i o n 
i s p r o m i n e n t l i n e a r f e a t u r e which e n c o m p a s s e s t h e d i s t r i c t s ©f 
Meeru t , B u l a n d s h a h r , A l i g a r h and E t a h . E n t e r i n g t h e n o r t h 
of A l i g a r h T e h s i l , i t p a s s e s t h r o u g h A.M.U. Campus and 
rt:herparts of A l i g a r h T e h s i l and e n t e r s i n t o S i k a n d r a Rao 
s u b d i v i s i o n o c c u p y i n g p r a c t i c a l l y a l l t h e s o u t h w e s t e r n 
c o r n e r of t h e T e h s i l and f i n a l l y p a s s i n g i n t o E t a h . T h i s 
t r a c t i s c h a r a c t e r i z e d by a c l a y e y s o i l , i m p e r f e c t n a t u r a l 
d r a i n a g e and numerous j h i l s i n wnich t h e s u r f a c e w a t e r 
c o l l e c t s w i t h o u t f i n d i n g an a d e q u a t e o u t l e t . As r e g a r d 
i t s o r i g i n v a r i o u s p o s s i b i l i t i e s a r e : 
7) 
i ) I t may an abandaned c h a n n e l of some b i g r i v e r , 
i i ) p o s s i b l y r e p r e s e n t s a s a sh ing o r a s t r u c t u r a l d i s l o c a t i o n 
i n t h e bed rock t o p o g r a p h y which was l a t e r f i l l e d up by 
t h e Ganga and i t s t r i b u t a r i e s . The l e v e l v a r i e s from 
193 m a t B u l a n d s h a h r - A l i g a r h d i s t r i c t j u n c t i o n i n n o r t h 
w e s t t o 1 7 3 . 7 8 ro a t t h e s o u t h e a s t e r n and of t h e d i s t r i c t 
g i v i n g an a v e r a g e g r a d i e n t of 0.2 m, t o a km, 
KALI KHADIR : 
K a l i Khad i r l i e s b o t h on t h e l e f t and r i g h t bank of 
K a l i N a m . The s o i l of k h a d i r c o m p r i s e s sandy l o a m . Above 
t h i s k h a d i r r i s e s t h e s andy bank of K a l i r i v e r . T h i s b e l t of 
s a n d y s o i l i s v e r y na r row i n e x t e n t , 
EASTERM UPLAND : 
I t i s a c t u a l l y t h e w e s t e r n m a r g i n s of t h e e a s t e r n 
u p l a n d which l i e s between t h e h i g h sandy bank of Ka l i n a d i 
and e x t e n d s wes tward up to t h e c a n a l . I t i s a r i c h t r a c t of 
e x c e l l e n t loam and i s f u l l y i r r i g a t e d . Wi th in t h i s t r a c t 
t h e r e a r e p a t c h e s where s andy s o i l a r e met w i th , which i s 
l o c a l l y known as B h u r , Beyond t h e c a n a l l i e s t h e b r o a d c e n t r a l 
d e p r e s s i o n . The g e n e r a l s l o p e of t h i s t r a c t i s about 0.2 8 m/km 
due s o u t h . Through t h e c e n t r e of i t p a s s e s upper Ganga c a n a l 
which has c r e a t e d w a t e r l o g g i n g c o n d i t i o n s a t p l a c e s . 
8) 
DRAINAGE 
The area is drained by the river Kali and Sengar 
which initially flow from north to south and further 
swings in south east direction. 
KALI RIVER 
The river rises in Muzatfarnagar and passes through 
the districts of Meerut and Bulandshahr and enters into 
Aligarh from its northern border. It takes a devious but 
generally south easterly course along the western and southern 
borders of the Atrauli Tehsil, passing into Etah near the 
village of Barhari, The river is perenial but not nevigable. 
Its volume is increased by the surplus watpr fnom the 
Ganga Canals occasionally it rises in flood, doing much 
damage to the khadir lands along its course. The water is 
used to some extent for irrigation but only in the khadir 
or low land. The width of the river where it enters the 
district shrinks to some 10 m and the depth to 0.91 m 
in the hot weather. 
SENGAR 
Sengar i s a t r i bu t a ry of Yamuna r i ve r , ^t drains 
through the centra l depressions, drawing water from numerovjs 
swamps. I t springs frcsn the great Awadhan lake to the 
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9) 
s o u t h of P a n e t h i on Grand Prank Road. From Awadhan t h e 
S e n g a r f lows a lmos t due s o u t h t h r o u g h t h e s o u t h e a s t 
c o r n e r of t h e A l i g « r h T e h s i l , and t h e n a f t e r Barhad, H a t h r a s 
c o n t i n u i n g i n t h e same d i r e c t i o n t i l l i t q u i t e t h e d i s t r i c t 
a t N u r p u r . The S e n g a r r e m a i n s p r a c t i c a l l y d ry d u r i n g t h e 
summers b u t d u r i n g r a i n y s e a s o n i t a t t a i n s g r e a t d i m e n s i o n s 
b e c a u s e i t i s t h e o n l y s t r e a m which t a k e s t h e t o t a l rxinoff 
of t h e c e n t r a l d e p r e s s i o n . I t s banks a r e s l o p i n g , and i n 
most p l a c e s t h e bed i s of s o f t y c l a y . 
SOIL TYPE OF A.M«U. CAMPUS AND ARQUND ; 
The s o i l s u r v e y of t h e d i s t r i c t was c a r r i e d o u t by t h e 
A g r i c u l t u r e Depar tmen t o f U t t a r P r a d e s h i n 1 9 5 3 . I n a l l t h r e e 
t y p e s of s o i l have been r e p o r t e d p e r t a i n i n g t o d i s t i n c t 
p h y s i o g r a p h i c u n i t s of t h e s t u d y a r e a which a r e as u n d e r 
(Agrawa la and M e h r o t r a 1953) ( p l a t e - I I ) . 
SOII> TYPES PHYSIOGRAPHIC UNITS 
1 , Sandy Loam t o c l a y e y C e n t r a l d e p r e s s i o n 
loam 
2 . Loam t o c l a y e y loam E a s t e r n up land 
3 . Loam t o sandy l o a n K a l i k h a d i r 
1 , Sandy Loam : 
The c e n t r a l d e p r e s s i o n i s u n d e r l a i n by sandy t o s i l t y 
l o a m . G e n e r a l l y t h e d e p o s i t i s o f s i l t y n a t u r e w i t h v a r y i n g 
10) 
colour from l igh t grey t o ash grey. The so i l s i s immature 
and has sandy to s i l t y loam t e x t u r e . The so i l s are sa l ine 
in nature and a lka l ine in react ion with a pH usually above 
8. These s o i l s have t a i r reserves of lime, magnesia and i ron . 
2 . lioam to Clavev Loam : 
These so i l s are s t icky and general ly clayey loam to 
loam in texture , varying in colour from grey, ash grey t o 
dark grey and black when moist . The t r a c t i s underlain by a 
th ick band of Kankar occurring, in most cases in the form 
of nodules which at places cement together forming a s t i f f 
impenetrable layer at the bottom. These kankar beds were 
used e a r l i e r for the construction of cu lver t s , wells and 
even for house building purposes. The clay content decreases 
with increasing depth representing an idea l example of water-
logged so i l s where the unimpregnable suD-soil horizon does 
not allow t rans loca t ion of even the f ines t clay p a r t i c l e s . 
Due to poor drainga , the soluDle sodium s a l t s are deposited 
on the surface in the form of reh which during hot season, 
present a sight of white s a l t - i n f e s t e d land in the northern 
p a r t of th i s t r a c t . 
A considerable port ion of the land has been thrown 
out of cu l t iva t ion because of the appearance of reh. Further 
south are found the roost unmanageable s o i l t r a c t which 
11) 
a r e l o c a l l y c a l l e d as ' C h i c k n o t ' . The s o i l s h e r e a r e a l k e l i n e 
c o m p r i s i n g the w e l l known u s a r t r a c t s o t t h e d i s t r i c t , i'he 
pH v a l u e of s o i l r a n g e s rrom 7 t o d . 
3 , Loam t o sandy Loam : 
T h i s s o i l t y p e c o v e r s a s m a l l p o r t i o n of t h e a r e a . 
The s o i l v a r i e s i n c o l o u r foim l i g h t brown t o deep brown 
and t e x t u r e of t h e s o i l i s sandy t o good q u a l i t y loam. 
U s u a l l y t h e s u r f a c e s o i l up t o d e p t h of 2o t o 2 5 cm i s a 
w e l l d r a i n e d s o i l and c o n t a i n s a l o o s e loam t h a t can e a s i l y 
b e p l o u g h e d and c u l t i v a t e d . The s o i l s a r e more l e a c h e d t h a n 
t h e o t h e r s o i l of t h e d i s t r i c t . P e r c e n t a g e of l ime c o n t e n t 
i s low and magnes ia i s e v e r y where more t h a n l i m e , i r o n 
n o d u l e s o c c u r s a l m o s t e v e r y where i n t h e sub s o i l . The 
pH r a n g e s from o,2 _ D . 8 . The u p l a n d s o i l s a r e w e l l d r a i n e d , 
h e n c e s o i l s a l a n i z a t i o n i s r a r e l y o b s e r v e d , 
LAND USE PATTERN : 
S t a t i c t i c s r e g a r d i n g t h e l a n d u s e p a t t e r n i n A.i-i.ii. 
Campus and a round i s g i v e n i n t h e A p p e n d i x - I I , Out of t h e 
t o t a l a r e a of 32600 ha 8 9 ^ of t h e a r e a i s u n d e r c u l t i v a t i o n 
of which about 70/6 i s sown more t h a n o n c e . Out of t h e t o t a l 
i r r i g a t e d a r e a 19349,83 ha , an a r e a of 15092 ,85 ha i s i r r i g a t e d 
t h r o u g h t h e g r o u n d w a t e r s o u r c e s and 42 5 6 , 9 6 ha i s i r r i g a t e d 
by t h e surfacae w a t e r s o u r c e s , A v e r y s m a l l a r e a of 11 ha i s 
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c o v e r e d cy t h e t o r e s t . However, a l a r g e p a r t of t h e a r e a l i e s 
as b a r r e n u s a r l a n d , 
Ci*IKA:rs AND RAINFALL 
CLIMATE I A l i g a r h f a l l s u n d e r s u b t r o p i c a l c l i m a t i c zone and 
i s c h a r a c t e r i s e d by h o t summer and c h i l l y w i n t e r ; summer s t a r t s 
a r o u n d m i d d l e March and c o n t i n u e s t i l l June w i t h mean maximum 
t e m p e r a t u r e i s 37 C, o c c a s i o n a l l y m u r c u r y s h o o t s up t o 46°C, 
D u r i n g t h e w i n t e r s e a s o n murcury t o u c h e s 4 C . 
RAINFALL : The mansoon no rma l s b r e a k s i n t o second weak of 
J u n e and e n d s i n Sep t ember w i t h an a v e r a g e r a i n f a l l of 
7 5 9 . 1 mm. J u l y and Augus t a r e t h e months of heavy r a i n f a l l . 
AREAL DISTRIBUriON OF ilAINFALL : 
A p e r s u a l of t h e i s o h y e t a l map {Blarrt-111) of t h e 
d i s t r i c t shows t h a t t h e i n t e n s i t y of r a i n f a l l d e c r e a s e s from 
e a s t t o wes t on an a v e r a g e t h e e a t e m p a r t of t h e d i s t r i c t 
r e c e i v e s l i g h t l y more t h a n 900 mm a n n u a l r a i n f a l l which 
g r a d u a l l y d e c r e a s e s t o bOO mm i n wes t p r o x i m a l t o t h e r i v e r 
Yamuna. 
DEPARTURES OF ANNUAL RAINFALL FROM MEAN ANNUAL RAIN -AL 
PLAJE-IZ 
1950 1955 1960 1965 1970 
TIME (YEARS) 
1975 1980 1985 
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PAbLE - 1 : R e s u l t o t s t a t i i t i c a l a n a l y s i s of a n n u a l 
r a i n i a l l a t A .M.U. Campus , D i s t r i c t A l i g a r h , 
H i g h e s t r a i n f a l l ( y e a r ) 1 3 5 9 . 8 mm - 1 9 7 8 
L o w e s t r a i n f a l l ( y e a r ) 5 9 . 8 mm - 1972 
Mean 7 5 9 . 1 mm 
S t a n d a r d D e v i a t i o n 2 5 8 . 6 3 
C o e f f i c i e n t o i v a r i a t i o n (%) = 3 2 , 5 3 
VARIABILITY OF RAINFALL : 
The a v a i l a b l e a n n u a l r a i n f a l l d a t a o f A l i g a r h f o r t h e 
p e r i o d 1 9 5 0 - 1 9 8 6 h a v e b e e n s t a t i s t i c a l l y a n a l y s e d a n d r e s u l t s 
t a b u l a t e d ( T a b l e - 1 ) . I t i s s e e n t h a t h i g h e s t r a i n f a l l a t 
A l i g a r h r a i n g a u g e s t a t i o n i s 1 3 5 9 . 8 mm w h e r e a s t h e l o w e s t 
o n l y 6 9 . 8 mm s h o w i n g a v e r y w i d e r a n g e ( P l a t e - I V ) . 
The mean a n n u a l r a i n f a l l i s 7 5 9 . 1 mm. The r a i n f a l l 
i s l e a s t v a r i a b l e a t 3 2 , 5 3 . The s t a n d a r d d e v i a t i o n a t A l i g a r h 
i s 2 5 8 . o 3 mm. 
TAoLE - 2 : R e s u l t s o f D o u g h t a n a l y s i s a t A l i g a r h . 
T y p e o f D r o u g h t Y e a r F r e q u e n c y o f 
o c c u r a n c e 
1 . M i l d d r o u g h t 1 9 5 2 , 1 9 5 9 , 1 3 , 8 % 
( 0 . 0 t o 25%) 1 9 6 7 , 1 9 7 5 , 1 9 8 1 . 
2 . N o r m a l d r o u g h t 1 9 5 3 , 1957 3 0 . 5 % 
( 2 5 . 1 % t o 50%) 1 9 6 5 , 1 9 6 8 , 
1 9 6 8 , 1 9 6 9 , 
1 9 7 0 , 1 9 7 1 , 
1 9 7 4 , 1 9 7 6 , 
1 9 7 9 , 1966 
3 . S e v e r e d r o u g h t 1 9 7 3 2 , 7 % 
( 5 0 . 1 % t o 75%) 
4 . V e r y s e v e r e d r o u g h t 1972 2 . 7 % 
( 7 5 . 1 % t o 100%) 
14) 
DROUGHT ANALYSIS : 
Departui?e of a n n u a l r a i n f a l l from mean a n n u a l r a i n f a l l 
have been c a l c u l a t e d f o r t h e A l i g a r h c i t y r a i n gauge s t a t i o n . 
The c a l c u l a t e d v a l u e s of d e p a r t u r e s have deen used i n d r o u g h t 
a n a l y s i s (Tatile-.2) . 
The s t u d y shows t h a t t h e r e i s no c y c l i c i t y a s s u c h . 
The f r e q u e n c y of o c c u r e n c e of m i l d t o normal d r o u g h t a t 
A l i g a r h i s 44 .3% and the f r e q u e n c y of s e v e r e d r o u g h t i s 
2 . 7 % . 
15) 
CHAPTER - I I I 
G E O L O G Y 
The arpa invest igated rortns a par t of the Central 
Ganga basin and i s underlain by the alluvium comprising 
clay, s i l t , sand and gravels of Quaternary age. Extensive 
geological and geophysical surveys have been carr ied out in 
the Ganga basin during the l a s t th ree decades by the o i l 
and Natural Gas Commission(0.N.G.C.)and Central Ground 
Water Board.(C.G.W.B.). 
As regards the or ig in of Indo Gangetic plain i t was 
in te rpera ted t o be a fore deep (Seuss 1904-1924) or a great 
r i f t va l ley Burrard, 1915) f i l l e d up with the alluvium of 
th ickness 4.5 km COldhan, 1917) to 20 km (Pascoe, 1964). 
The aeromagnetic surveys (Agos, 19 57) and Siesmic, and gravity 
and surveys car r ied out by the O.N,G.C. have indicated tha t 
the Indo-gangetic p la ins consist of several sub-basins sepa-
ra ted by sub-surface ridges or highs (Sas t r i et al 1971, 
Rao 1973) which are as follows. 
1 , Kalsi spur. 
2. Aravalli Horst 
3. Faizabad Ridge 
4. Dudwa Ridge 
5. Hardwar Rishikesh Spur 
6. Pawalgarh spur. 
161 
7 . A l i g a r h - K a s g a n j - T a n a k p u r Spur 
8 . Ramganga D e p r e s s i o n 
9 . Sarda D e p r e s s i o n 
1 0 . Gandak D e p r e s s i o n 
The s t u d y a r e a l i e s on w e s t e r n f l a n k of A l i g a r h ^ 
K a s g a n j - T a n a k p u r s p u r and s o u t h of Ramganga d e p r e s s i o n , 
AUGARH-KASGANJ-TAN AKPUR-SPUR : 
T h i s Spur marks t h e l i m i t of A r a v a l l i h o r s t . E a s t e r n 
e d g e of t h i s s p u r c o i n c i d e s w i t h s u b - s u r f a c e e x t e n s i o n of 
t h e G r e a t Boundary f a u l t o f R a j a s t h a n where i t s e p a r a t e s t h e 
A r a v a l l i r ock from t h e V i n d h y a n s . 
A n a l y s i s of t h e s t r u c t u r a l p a t t e r n of t h e exposed 
f o o t h i l l s and g r a v i t y anamoly and basement c o n t o u r maps 
of t h e c e n t r a l Ganga p l a i n s u g g e s t t h a t t h e s e s p u r s a r e 
f a u l t bound. The r i d g e s and s p u r s s u b d i v i d e t h e b a s i n s i n t o 
number of d e p r e s s i o n s and s u o - b a s i n , 
RAMGANG DEPRESSION : 
T h i s i s l i m i t e d t o t h e n o r t h w e s t by H a r i d w a r - D e l h i 
S p u r and t o t h e s o u t h e a s t by Tanakpur s p u r . B e s i d e s , 
P a w a l g a r h s p u r t h e r e a r e o t h e r m i n o r d i g i t a t i o n s of A r a v a l l i 
h o r s t . T h i s d e p r e s s i o n i s marked by Schuppen s t r u c t u r e s 
i n m a j o r p a r t of t t e a r e a . The o l d e s t r o c k s of P a l e o g e n e 
PLATE--g 
SUBSURFACE GEOLOGICAL CROSS SECTION ALONG SALEEMPUR, ALIGARH, KASGANJ 
UJHANI IN PARTS OF CENTRAL GANGA-BASIN 
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a r e e x p o s e d a l o n g t h e f o o t h i l l f a u l t e a s t of Pa wa lga rh 
s p u r . The Pa leogene rock p r e s e r v e d i n t h i s d e p r e s s i o n c o n t i n u e 
i n t o Sa rda d e p r e s s i o n a c r o s s Tanakpur s p u r , 
SARDA DEPRESSION : 
T h i s i s bounded by A r a v a l l i h o r s t t o t h e n o r t h e a s t 
and by F a i z a b a d r i d g e t o s o u t h e a s t . The E.W. t r e n d i n g 
Dudwa r i d g e l i e s on i t s n o r t h e r n s i d e . The Vindhyan s e q u e n c e 
m a r k s t h e f l o o r of t e r t i a r y s e d i m e n t a t i o n s . The d e p r e s s i o n 
c a n be d i v i d e d i n t o s m a l l e r s u b - b a s i n which were e v o l v e d 
due t o i n t e r p l a y of A r a v a l l i and S a t p u r a t r e n d s . I n c e n t r a l 
p a r t of t h i s d e p r e s s i o n a wedge of p a l e o g e n e s e d i m e n t s i s 
p r e s e n t , bound b o t h on t o p and bo t tom by v m c o n f i r r a i t i e s . 
T h i s wedge e x t e n d s i n t o a d j a c e n t Ramganga d e p r e s s i o n t o w a r d s 
n o r t h wes t and Gandak d e p r e s s i o n t o w a r d s s o u t h e a s t a c r o s s 
t h e basemen t s p u r s . 
SUB-SURFACE GEULOGY OF THE AREA 
The a r e a unde r r ev i ew l i e s on t h e w e s t e r n f l a n k of 
A l i g a r h - K a s g a n j - T a n a k p u r s p u r and s o u t h of Ramganga d e p r e s s i o n , 
The s e c t i o n drawn ( P l a t e -V) on t h e b a s i s o f deep w e l l d r i l l e d 
a t A l i g a r h and Salempur by C.G.W.B. and a t Kasganj and B j h a n i 
by O.N.G.C. which r e v e a l t h e s u b s u r f a c e geo logy of t h e a r e a . 
The bed rock e n c o u n t e r e d a t Sa lempur , A l i g a r h , Kasganj and 
18) 
Ujhani are Upper Bhandar sand stone. Upper Bhandar shale. 
Lower Bhander limestone in the depth ranging from 280 m, 
340 m, 62 0 m and 967 m respectively below the ground surface. 
The geological sequence are as follows : 
A Q 
L Alternate beds of sand and clay U 
L A 
U occasionally Intermixed with T 
V E 
I kankar. A 
U N 
M A 
R 
Y 
Unconflxmlty 
Bhander Sand 2 tone 
U 
P 
P 
E 
Bhander Shale (Slrbu Shale ) ^ 
V Lower tshander Lime Stone j 
N 
D 
H 
Y 
A 
N 
Unconf lrmlty 
A 
R 
C 
Grani te Basement H 
£ 
A 
N 
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The sediments deposited on the eroded surface 
of the Upper Vindhyan were derived mainly from the newly 
risen Himalayas and also from the northern fringe of the 
Paninsula by the river Ganga and its various tributaries. 
The sequence of alluvium comprises alternate beds of clay 
mixed with Kankar and sand often mixed with gravels. The 
sands are generally median grey and micaceous. The bed 
rock which was encountered at 340 m depth is red shale which 
is considered equivalent to Sirbu shale. The Upper Bhander 
sandstone is red in colour, uniform in grain size appears to 
be quartz arenite type. 
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CHAPTER - IV 
H Y D R O G B O L O G Y 
S y s t e m a t i c w e l l i n v e n t o r y of 117 dug w e l l s , 10 s h a l l o w 
and 8 deep t u b e w e l l s were c a r r i e d o u t and r e l e v a n t h y d r o -
l o g i c a l d a t a vp>re c o l l e c t e d i n o r d e r t o s t u d y t h e g e n e r a l 
g round w a t e r c o n d i t i o n s , b e h a v i o u r of w a t e r t a b l e , i t s 
o c c u r r e n c e and movement i n t h e a r e a . Water samples were a l s o 
c o l l e c t e d f o r c h e m i c a l a n a l y s e s t o a s c e r t a i n t h e q u a l i t y 
o f ground w a t e r . 
MODE OF OCCURRENCE 
The c o a r s e r c l a s t i c i n t h e a l l u v i a l sequence fomi 
t h e m a j o r r e s p o s i t o r y of ground w a t e r i n t h e a r e a . I t has 
b e e n oiDserved from t h e a q u i f e r t e s t (C.G.W.B. , 1977 ,78) 
t h a t ground w a t e r i n t h e a r e a o c c u r s b o t h unde r w a t e r t a b l e 
t o s e m i - c o n f i n e d - c o n d i t i o n i n s h a l l o w a q u i f e r s . 
The main s o u r c e of ground w a t e r r e c h a r g e i s t h e annua l 
p r e c e p i t a t i o n , c a n a l s eepage and i r r i g a t i o n r e t u r n f low and 
f low of ground w a t e r from t h e n e i g h b o u r i n g a r e a s and a l s o 
from o t h e r s o u r c e s s u c h a s i n f i l t r a t i o n t h r o u g h t h e s u r f a c e 
w a t e r b o d i e s l i k e Kulwa l a k e l y i n g i n n o r t h e r n p a r t o f 
t h e a r e a . 
FENCE DIAGRAM SHOWING AQUIFER DISPOSITION IN 
AMUCAMPUS AND AROUND. DISTRICT A U G A R H . ( U P X 
PLATE-Yn 
>•> " ( • | e t«o n 
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AJUIFER SYSTEM OF THE AREA 
To a s c e i r t a i n s u b ^ s u r f a c e g e o l o g i c a l frame work, 
b o r e h o l e d a t a of t h e s t a t e t u b e w e i l s i n t h e campus and 
a r o u n d were u t i l i z e d and p a n e l d i a g r a m was p r e p a r e d i n 
o r d e r t o i l l u s t r a t e t h e a q u i f e r sys tem in t h e a r e a ( P l a t e - V I l ) , 
I n t h e a r e a t h e r e o c c u r s a f i v e t i e r a q u i f e r system 
which l i e s i n d e p t h r ange 9 - 6 6 , 7 , 9 9 , 6 9 - 1 1 0 . 0 2 , 1 7 9 . 2 1 - 2 0 1 . 8 5 
2 4 7 . 5 0 - 2 6 9 - 8 0 , 2 6 6 - 3 0 4 . 6 0 m e t r e s b . g . l . down t o t h e bed 
r o c k e n c o u n t e r e d a t 34o m b . g . l . The t o p two of t h e s e a q u i f e r s 
f i n a l l y merge w i t h e a c h o t h e r i n n o r t h e a s t e r n d i r e c t i o n 
and form a s i n g l e b o d i e s a q u i f e r ( P l a t e - V I I ) . 
GEOMETRY Ok AuUIFERs 
The s t u d y of t h e l i t h o l o g i c a l l o g s ( A p p e n d i x - f J J b f t h e 
e x i s t i n g t u b e w e l l s and s u b s e q u e n t d i a g r a m r e v e a l t h a t t h e r e 
o c c u r s a f i v e t i e r a q u i f e r sys t em down t o t h e bed r o c k . The 
t o p y e l l o w c l a y wi th Kankar p e r s i s t t h r o u g h o u t t h e a r e a . 
I t s t h i c k n e s s r anges from 3 t o 14 m. Below i t t h e a q u i f e r s 
a r e e n c o u n t e r e d i n t h e d e p t h s r a n g e s 9 - 6 6 m , b . g . l . ( 1 s t 
a q u i f e r ) , 9 9 . 6 9 - 1 1 0 - 0 2 m . b . g . l . ( I l n d a q u i f e r ) , 179_2ol m . b . g . l , 
( I l i r d a q u i f e r ) , 2 4 7 . 5 2 - 2 6 9 . 8 0 m . b . g . l . ( IV th a q u i f e r ) and 
2 8 6 - 3 0 4 . 6 0 m . b . g . l . (Vth a q u i f e r ) . The uppermos t a q u i f e r i s 
v e r y e x t e n s i v e and i t s t h i c k n e s s i n c r e a s e s i n n o r t h e a s t 
d i r e c t i o n (30-57 m t h i c k ) . I t c o n s i s t s of f i n e t o medium, 
g r e y micaceous sand where as medium t o c o a r s e sand w i t h 
22 
q u a r t z and k a n k a r g r a v e l compr i se t h e second , t h i r d , f o u r t h 
and f i f t h a q u i f e r s . With t h e e x c e p t i o n of i v t h a q u i f e r 
which a t t a i n s a s i z a b l e t h i c J a i e s s o f 31 m e t r e s , a l l t h e s e 
a q u i f e r s a r e of l i m i t e d a r e a l e x c e n t and t h i c k n e s s and 
m o d e r a t e l y p o t e n t i a l as t h e y o c c u r as l e n s o i d body of sand 
i n t e r c a l a t e d w i t h i n t h e t h i c k c l a y b e d . 
SHAiiLOW AjUIFERS 
The s h a l l o w a q u i f e r s o c c u r w i t h i n a d e p t h of 50 m 
from l a n d s u r f a c e , c o m p r i s i n g m a i n l y f i n e t o medium g r e y 
mecaceous s and . The a q u i f e r t h i c k n e s s v a r i e s from 2 5-40 
m . b . g . l . Ground w a t e r i n t h e a q u i f e r zone o c c u r s u n d e r w a t e r 
t b l e t o s e m i c o n f i n e d c o n d i t i o n s d e p e n d i n g upon t h e t h i c k n e s s 
and c o m p o s i t i o n of o v e r l y i n g c l a y b e d s . T h i s t o p a q u i f e r 
had been e x c e s s i v e l y d e v e l o p e d t h r o u g h open w e l l s , hand pumps 
and s h a l l o w t u b e w e l l s m a i n l y f o r d o m e s t i c and i r r i g a t i o n 
p u r p o s e s . The g e n o r a l d e p t h of t h e t u b e w e l l s r a n g e s between 
1 8 - 2 5 m e t r e s b . g . l , 
PES PER AJUIFE RS 
The d e e p e r a q u i f e r s o c c u r w i t h i n a range of 50 t o 
301 m . b . g . l , c o m p r i s i n g m a i n l y medium t o c o a r s e s a n d o f t e n 
mix«d w i t h q u a r t z o r kanka r g r a v e l s ( P l a n t - V I I ) . The 
p a n e l d iagram i n d i c a t e ^ t h a t t h e g round w a t e r o c c u r s u n d e r 
s e m i - c o n f i n e d t o c o n f i n e c . C o n d i t i o n s and by and l a r g e t h e y 
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form an i n t e r c o n n e c t e d a d u l t e r s y s t e m . As a whole t h e r « 
i s s i n g l e body a q u i t e r which i s c o n n e c t e d w i t h e a c h o t h e r 
and s p r e s o a t d i f f e r e n t d e p t h from ground s u r f a c e . The 
deep t u b e w e l l s g e n e r a l l y t a p e a q u i f e r s o c c u r r i n g i n t h e 
d e p t h r a n g e of 100-150 m e t r e s o . g . l . 
DEPfH TO MATEit LEVEL 
The d e p t h t o w a t e r l e v e l map d e p i c t s t h e r e g i o n a l 
V a r i a t i o n of d e p t h t o w a t e r l e v e l be low t h e ground l e v e l 
( b . g . l , ) . The w a t e r l e v e l s t a n d i n g i n dug w e l l a r e c o n s i d e r e d 
a c c u r a t e enough t o r e p r e s e n t t h e w a t e r l e v e l . 
Based on t h e d a t a c o l l e c t e d , d u r i n g J u n e 1986 p r e 
mansoon d e p t h t o w a t e r l e v e l maps f o r t h e month of J u n e , 
1986 and p o s t man soon t h e month of November, 1986 have been 
p r e p a r e d ( P l a t e s V I I I & I X ) . ^he p re -monsoon d e p t h t o w a t e r 
was found t o v a r y from 3 ,27 t o l o . 0 7 m below ground l e v e l . 
Large t r a c t s of l a n d i n t h e v i c i n i t y of main c a n a l s and 
d i s t r i b u t a r i e s have t h e w a t e r l e v e l w i t h i n 4 m, below 
t h e ground l e v e l . The d e p t h t o w a t e r l e v e l away from t h e 
c a n a l a r e g e n e r a l l y d e e p e r . 
I n t h e n o r t h w e s t e r n p o r t i o n s of t h e a r e a t h e w a t e r 
l e v e l i s d e e p e r which r a n g e s be tween 6 t o 10 m e t r e s b . g . l . 
w h i l e i n t h e s o u t h e a s t t h e w a t e r l e v e l i s s h a l l o w and r a n g e s 
be tween 4 t o 6 m e t r e s D . g . l , The w a t e r l e v e l d a t a i n r e s p e c t 
o f t h e s e w e l l s a r e g iven i n Append ix ,111.), 
24) 
WATER LEVEL FLUCTUAriQN 
The g roundwa te r l e v e l f l u c t u a t e as a f u n c t i o n of 
t i m e and space i n r e s p o n s e t o p r e c i p i t a t i o n . The change 
i n w a t e r l e v e l s a re due t o t h e change i n s t o r a g e of g round-
w a t e r i n an a r e a . Change i n w a t e r l e v e l s can a l s o be c a u s e d 
due t o e x c e s s i v e w i t h d r a w l of w a t e r from t h e a q u i f e r t h a n 
t h e a n n u a l r e c h a r g e quantum. The d e p l e t i o n of t h e normal 
r a i n f a l l i n t h e a r e a may a l s o c a u s e d e c l i n i n g t r e n d . 
Water t a b l e f l u c t u a t i o n i s a d i r e c t r e s p o n s e of t h e 
g r o u n d w a t e r r e c h a r g e and d i s c h a r g e i n an a r e a . S i n c e 
r a i n f a l l i s t h e p r i n c i p a l sou rce of g round w a t e r r e c h a r g e , 
w a t e r t a b l e r i s e has s y m p a t h e t i c r e l a t i o n t o t h e r a i n f a l l 
i n a p a r t i c u l a r p e r i o d . I n t e n s i t y , d u r a t i o n and d i s t r i b u t i o n 
o f r a i n f a l l a r e t h e c o n t r o l l i n g f a c t o r s on ground w a t e r 
r e c i i a r g e . I n a d d i t i o n , t o p o g r a p h y p l a y s a v i t a l r o l e on t h e 
w a t e r t a b l e f l u c t u a t i o n and quantum of r e c h a r g e . I t i s a 
common o b s e r v a t i o n t h a t t h e w a t e r t a b l e i s deep i n t o p o g r a p h i c 
h i g h s and s h a l l o w t o w a r d s t h e t o p o g r a p h i c lows , c o r r e s p o n d i n g l 
t h e a n n u a l f l u c t u a t i o n of w a t e r t a b l e i s a l s o d e e p e r i n t h e 
u p l a n d s and sha l low i n t h e d e p r e s s i o n s , t h e amount of 
r a i n f a l l r e m a i n i n g t h e same i n t h e a r e a . The s u b s u r f a c e o u t 
f l ow o r i n f l o w component of ground w a t e r makes t h i s d i f f e r e n c e 
w h i l e t h e r e would be s u f f i c i e n t s p a c e a v a i l a D l e f o r ground 
wafeer i n f i l t r a t i o n and a c c u m u l a t i o n i n t h e u p l a n d a r e a s . 
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s h a l l o w w a t e r t a b l e and w a t e r l o g g e d c o n d i t i o n s i n t h e 
low l y i n g a r e a s l e a v e l i t t l e s p a c e f o r ground w a t e r r e c h a r g e . 
As a consequence t h e r e would cie more s u r f a c e run off i n t h e 
low l y i n g a r e a s (G. K r i s h n a Rao, 1 9 8 7 ) . 
The w a t e r l e v e l f l u c t u a t i o n i n t h e a r ea has been 
worked o u t (Appendix - 2.) . ^he P l a t e X shows t h e w a t e r l e v e l 
f l u c t u a t i c H i i n t h e a r e a which r a n g e s from 0 . 0 8 m t o 2.47m. 
The f l u c t u a t i o n r a n g i n g between 0 .2o m t o 0 .6o m i s o b s e r v e d 
t o be w i d e l y r e p r e s e n t e d o n e . T h i s abnormal b e h a v i o u r of 
w a t e r l e v e l f l u c t u a t i o n have been c l a s s i f i e d unde r d i f f e r e n t 
c l a s s e s which a r e g iven below : 
TABLE - 3 : Water l e v e l f l u c t u a t i o n r a n g e . 
0 . 0 8 - 0 . 2 0 0 . 2 1 - 0 . 5 0 0 . 5 0 - 1 . 0 1-2 > 2 
R) m m m m 
WELL 
NUMBER 
W2 
Wb 
Wlo 
W30 
W41 
W42 
W46 
W67 
t o 
t o 
W6 5 
W117 
W3 
W5 
W6 
WIO 
WIS 
W19 
W2 0 
W21 
W2 4 
W2 5 
W32 
Wl 
W4 
W7 
W16 
W22 
W2 3 
W2 5 
W2 7 
W2b 
W29 
W3 6 
W l l V 
W12 
W13 
W14 
W17 
W31 
C o n t d . . . 
W9 
26) 
W34 
W3 5 
W3 6 
W39 
W40 
W43 
W44 
W4 5 
W49 
/ibO 
W56 
W57 
W58 
W66 
W4b 
W52 
The study shows tha t microhydrogeological changes 
occurr ing in the area are sole ly due to chancps in the 
l i t h o u n i t s , t h e i r va r ia t ions and t h e i r recharge capac i ty . The 
l i t ho t in i t s show di f ferent react ions t o the recharge propor t i -
onate to t h e i r poros i ty and permeabi l i ty c h a r a c t e r i s t i c s . 
To the same quantum of ra in in the area the shallow aquifer 
comprising medium to coarse sand show a f luctuation ranging from 
1.20 to 2,45 m and in sandy caly f luctuat ion ranging between 
0.50-l.Oin and in clay mixed with kankar fluctuation ranges 
0.21 t o 0.50 m in the area. 
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MQ\/EMSNT OF GROUND WATER 
>^ater l e v e l d a t a of t h e o b s e r v a t i o n w e l l s c o l l e c t e d 
d u r i n g J u n e , 1986 and November, 1986 were a n a l y s e d and the 
a t t i t u d e s o f t h e w a t e r l e v e l w i t h r e f e r e n c e t o mean s e a 
l e v e l were worked o u t . For t h i s p u r p o s e a l l t h e o b s e r v a t i o n 
w e l l s were s u r v e y e d and c o n n e c t e d w i t h t h e s u r v e y of I n d i a 
Bench marks whe reve r a v a i l a b l e . The r e d u c e d l e v e l s o f t h e 
w a t e r t a b l e w i t h r e f e r e n c e t o t h e mean s e a l e v e l were p l o t t e d 
on a map and a w a t e r t a b l e c o n t o u r map was p r e p a r e d w i t h a 
c o n t o u r i n t e r v a l of 1 m e t r e s ( P l a t e - X I ) , The e l e v a t i o n of 
w a t e r t a b l e d u r i n g pre- raonsoon s e a s o n r a n g e s from 183 ,00 
m e t r e s i n t h e n o r t h w e s t t o 1 7 3 , 0 0 m e t r e s i n t h e s o u t h e a s t 
above t h e mean s e a l e v e l . I n a w a t e r t a b l e c o n t o u r map, 
c o n v e x c o n t o u r s i n d i c a t e r e g i o n s of ground w a t e r rechar<gp, 
w h i l e concave c o n t o u r s a r e a s s o c i a t e d w i t h ground w a t e r d i s c h a r g e 
(Todd , D.K. , 1 9 8 0 ) , 
I n o r d e r t o a s c e r t a i n t h e g e n e r a l h y d r a u l i c g r a d i e n t 
and t h e d e g r e e of homogeni ty of a q u i f e r , w a t e r t a b l e c o n t o u r s 
have been worked o u t . The h y d r a u l i c g r a d i e n t v a r i e s from 
0,'4 ro/kin t o 5 m/km. I t i s s t e e p e r t o w a r d s t he n o r t h e a s t e r n 
pa i r t o f t h e a r e a . T h e ^ s t e e p h y d r a u l i c g r a d i e n t i s i n d i c a t i v e 
o f low p e r m e a b i l i t y of a q u i f e r m a t e r i a l s which i s o b s e r v e d 
on t h e r i g h t t a n k of K a l i r i v e r . 
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The water t ab l e contour map to r iNovemoer, 06) 
(Plate-Xll) also show a s imi lar p a t t e r n s . This s i -n i lar i ty 
i s because of email r i se in water t ab le conse ^u'^ nt to the 
l i t t l e recharge, due to the scant ly r a in fa l l over the past 
t h ree years . 
GROUND W A P E R MOUMD 
A n a l y s i s of t h e w a t e r l e v e l d a t a i n d i c a t e s t h a t two 
d i s t i n c t ground w a t e r mounds a r e formed a l o n g t h e Ganga Canal 
wh ich show t h a t t h e Ganga c a n a l , i s i n f l u e n t i n c h a r a c t e r 
and c o n t r i b u t e t o t h e g round w a t e r b o d y , 
GROUND WATER TROUGH 
At t h e w e s t e r n s i d e of t h e A.M.U. campus t h e ground 
w a t e r f l ows due wes t due t o t h e f o r m a t i o n of a p r o n o u n c e d 
s u b s u r f a c e ground w a t e r t r o u g h a s a r e s u l t a n t e f f e c t o f 
o v e r d e v e l o p m e n t i n w e s t e r n f l a n k of t h e campus c l o s e t o A i i g a r h 
c i t y . 
FaRM AND SLOPE OF GROUND WATER 
A p e r u s a l of t h e w a t e r t a b l e c o n t o u r map shows t h a t 
t h e m a s t e r s l o p e of w a t e r t a b l e i s from n o r t h w e s t t o s o u t h -
e a s t f o l l o w i n g t h e s u r f a c e t o p o g r a p h y , which i n c i d e n t l y 
h a p p e n t o be t h e d i r e c t i c » i of r e g i o n a l g round w a t e r f l o w . 
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The re a r e some l o c a l i s e d v a r i a t i o n s , p a r t i c u l a r l y a l o n g t h 8 
r i v e r K a l i where t h e g r o u n d w a t e r f l ows i n a e a s t d i r e c t i a i 
t o w a r d s t h e r i v e r i n d i c a t i n g t h e r e b y , i t s e f f l u e n t n a t u r e . 
I n t h e w e s t e r n p a r t of t he a r e a t h e s l o p e of w a t e r t a b l e i s 
t o w a r d s west because of t h e g r o u n d w a t e r t r o u g h c r e a t e d 
a s a consequence of heavy w i t h d r a w l o f w a t e r i n t h e A . M . U . 
caiie{)us and A l i g a r h c i t y . 
DECLINE OF MATER LEVEL DUE TQ EXCESSIVE PUMPAGE 
The s t u d y r e v e a l s t h a t u n d e r t h e heavy demand of 
w a t e r i n t h e campus, e x c e s s i v e w i t h d r a w l of ground w a t e r 
much h i g h e r t h a n t h e quantum of a n n u a l r e c h a r g e has i n d u c e d 
d e c l i n i n g t r e n d ( P l a t e - X I I I & XIV) of w a t e r l e v e l i n t h e 
campus which a p p e a r s t o p r o g r e s s i v e l y i n c r e a s e t o w a r d s t h e 
A l i g a r h c i t y . The r a t e o f d e c l i n e s i n c e 1976 t o 1986 h a s been 
computed a s 0 .36 m y e a r . T h i s i s a l a r m i n g , Thds t r e n d may 
a g g r a v a t e due t o i n c r e a s e i n p o p u l a t i o n , i:p coming of new 
c o l o n i e s , e x t e n s i v e a g r i c u l t u r a l a c t i v i t i e s and e x c a l a t i n g 
i n d u s t r i a l i s a t i o n . T h i s i s m a i n l y due t o t h e f a c t t h a t t h e 
g r o u n d w a t e r i s t h e o n l y a o u r c e of w a t e r sx;^ply f o r t h e u n i v e r s i t 
a s w e l l a s i n A l i g a r h c i t y w i t h i t s 7 l a k s p o p u l a t i o n . 
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CHAprSR , V 
GROUND WAPER BALANCS 
Water b a l a n c e s t u d y means t h e book k e e p i n g of w a t e r 
of a b a s i n o r r e g i o n i n r e l a t i o n t o t h e components o f t h e e n t i r e 
h y d r o l o g i c c y c l e o r p a r t of i t , done o v e r a s p e c i f i c p e r i o d 
(Chandra , S. I 9 b 4 ) . 
Groundwater deve lopment a c t i v i t y h a s i n c r e a s e d 
c o n s i d e r a b l y dyiring t h e l a s t few d e c a d e s . T h i s deve lopmen t has 
t a k e n p l a c e i n d i s c r e m i n a t e l y w i t h o u t r e g a r d t o t h e a n n u a l 
r e p l e n i s h m e n t . The g roundwa te r p o t e n t i a l of t h e b a s i n must 
be e v a l u a t e d t o r e g u l a t e t h e w i t h d r a w l of w a t e r from any 
b a s i n . The ground w a t e r l e v e l o f t h e g r o u n d w a t e r r e s e r v o i r 
f l u c t u a t e s a c c o r d i n g co i n p u t s t o i t and wi t t id r?wl from i t , 
A component wisf» e s t i m a t i o n of i i ^ u t and o u t p u t h a s t o be 
e v a l u a t e d u s i n g t h e a v a i l a b l e daza o f r a i n f a l l , i r r i g a t i o n 
a p p l i c a t i o n o r o t h e r r e c h a r g e componen t s , w i t h d r a w l by w e l l s 
and w a t e r t a c l e f l u c t u a t i o n s . The e v a p o t r a n s p i r e t i o n component 
i s most d i i t i c u l t t o e v a l u a t e and r e s o n a b l e e s t i m a t e i s 
a r r i v e d a t by s u i t a b l e e s t i m a t i o n of g r o u n d w a t e r r e s o u r c e s , 
d a t a must pe a v a i l a b l e f o r a r e a s o n a b l y l o n g p e r i o d , b u t i n 
any c a s e f o r two y e a r s , and w a t e r b a l a n c e app roach used f o r 
e v a X u a t i o n . 
Groundwater i s a r e p l e n i s h a b l e r e s o u r c e , . Ref ined 
q u a n t i t a 1 : i v e answers a r e needed f o r d r a w i n g xsp p l a n s f o r 
i j t s u t i l i s a t i o n , management and c o n s e r v a t i o n . I n l a r g e s c a l e 
31) 
i n j u d i c i o u s e x p l o i t a t i o n of g r o u n d w a t e r r e s o u r c e s has 
l e d t o a d e c l i n i n g t r e n d of w a t e r l e v e l s i n some a r e a s and 
e x c e s s i v e s u r f a c e w a t e r i r r i g a t i o n h a s c a u s e d w a t e r l o g g i n g 
c o n d i t i o n i n t h e c a n a l command a r e a s . T h i s has n e c e s s i t a t e d 
t h e e v o l v i n g of a r e a l i s t i c app roach f o r q u i c k a p p r a i s a l 
of a v a i l a b l e g r o u n d w a t e r r e s o u r c e s o f an a r e a . Under t h e 
c i r c u m s t a n c e s , t h e s i t u a t i o n n e c e s s i t a t e s t h e p r e c i s e 
e v a l u a t i o n of g r o u n d w a t e r r e s o u r c e s i n a r e a s o n a b l y manageable 
a r e a o f l i m i t e d e x t e n t . 
I n t h e s t u d y a r e a , t h e a r e a under t h e Upper Ganga 
C a n a l Command i s w a t e r l o g g e d o e c a u s e of t h e seepage 
t h r o u g h t h e c a n a l s bed, where as t h e a r e a conce rned by 
U n i v e r s i t y campus shows a c o n t i n u o u s d e c l i n g w a t e r t a b l e 
b e c a u s e t h e heavy w i t h d r a w l , 
GitGUNDWATER RECHA&GE 
E v a l u a t i o n of g r o u n d w a t e r r e c h a r g e parasne t re forms 
an i m p o r t a n t a s p e c t o t groxindwater r e s o u r c e s e v a l u a t i o n . I t 
i n v o l v e s h y d r o m e t e o r o l o g i c a l , h y d r o g e o l o g i c a l p r o c e s s t a k i n g 
p l a c e on t h e s u r f a c e and a l s o i n v o l v e s complex s u b - s u r f a c e 
l i t h o l o g i c c h a r a c t e r i s t i c s . The m a j o r s o u r c e of g r o u n d w a t e r 
r e c h a r g e i n t h e s t u d y a r e a a s a r e f o l l o w s : 
32) 
1 , Recharge t h r o u g h r a i n f a l l 
2 . Recharge t h r o u g h c a n a l s e e p a g e 
3 . Recharge t h r o u g h i r r i g a t i o n r e t u r n f l o w . 
T h e r e a r e v a r i o u s methods t o e s t i m a t e g r o u n d w a t e r 
r e c h a r g e v i z , ( i ) w a t e r b a l a n c e method ( i i ) s e a s o n a l 
f l u c t u a t i o n and s p e c i f i c y i e l d m e t h o d . In v iew o f t h e 
p r e v a i l i n g i r r i g a t i o n p a t t e r n m t h e s t u d y a r e a , t h e 
s e e p a g e l o s s e s t o t h e a q u i f e r w i l l be v e r y s i g n i f i c a n t , 
hence t h e e s t i m a t i o n by s e a s o n a l f l u c t u a t i o n and s p e c i f i c 
y i e l d has been a d o p t e d f o r t h e e v a l u a t i o n of ground w a t e r 
r e c h a r g e . 
GROUND i^ ATER RECHARGE BY SPgCIFIC YISLD METHOD ; 
Recharge a r e a = 32 6 s q . k m . 
Average f l u c t u a t i o n = 1.2 m 
A v e r a ^ s p e c i f i c y i e l d = 15/4 
(groundwater r e c h a r g e = Area i n v o l v e d x s p e c i f i c y i e l d x 
w a t e r l e v e l f l u c t u a t i o n 
= 326 X 0 . 1 5 X 1.2 
= 5b .6b M.C.M, 
Rectaarqe t h r o u g h i r r i g a t i o n r e t u r n f low 
T o t a l d r a f t = 2 2 . 5 4 MCM 
33) 
I n f i l t r a t i o n f a c t o r = 1 5 / 4 
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Groundwate r r e c h a r g e = 2 2 . 5 4 x y— 
= 3 . 3 8 M.C.M. 
Groundwater r e c h a r g e = 6 . 2 4 x 1 5 / 1 0 0 = 0 .936 
T o t a l i r r i g a t i o n r e t u r n f low = 3 . 3 8 + 0.936 = 4 .316 
Quantum of i g c h a r g e due t o c a n a l s eepage 
The seepage l o s s e s from t h e c a n a l have been 
e s t i m a t e d by u s i n g t h e f o l l o w i n g e m p e r i c a l fo rmula g i v e n 
by ( S e h g a l , 1 9 7 3 ) , 
K = 4 U 0.062 5 
where K = seepage l o s s , Q = Cana l d i s c h a r g e i n Cumes. 
S e e p a g e fnom u p p e r Ganga c a n a l -
Q = 22 7 X 0 .0283 
= 6 . 4 2 4 Curaed 
K = 4 ( 6 . 4 2 4 ) 0 - 0 2 8 3 
T o t a l s eepage from c a n a l 
G r o s s g roundwa te r r e c h a r g e 
R e c o v e r a b l e r e c h a r g e 
4 . 4 9 
= 5b,6B + 4 .49 + 4 . 3 1 6 
= 6 7 . 4 8 6 M.C.M. 
= 4 4 . 9 5 M.C.M. 
GROUND WATER DRAFT 
Groundwater i s b e i n g t a p p e d th rough^ open w e l l s , 
hand pumps, p e r s i a n w h e l l s , s h a l l o w t u b e w e l l s and deep 
34) 
s t a t e and Un ive r s i t y t u b e w e i l s . In s tody area t h e r e are 
49 deep tube w e l l s . 608 shallow tube we l l s , 900 shal low 
p r i v a t e tube we l l s , and 7050 hand pumps, 565 dug we l l s and 
200 Rahe ts , The u n i t d r a f t of t h e s e groundwater s t r u c t u r e s 
have been e s t ima ted by G.W.I.O. in t h i s a rea which has been 
t a k e n i n t o c o n s i d e r a t i o n i n e v a l u a t i o n of d r a f t . 
a) Draft by s t a t e tube well : 
Unit d r a f t of s t a t e tube wel l = 0,175 M.C.M. 
Number of tube well = 49 
Tota l d r a f t = Unit d r a f t X N Q . of tubewel l 
= 0.175 X 49 
= b.575 M.C.M. 
b) Draft by shal low tubewel l : 
Unit d ra f t = 0.0105 M.C.M. 
Tota l number of tubewel l = 608 
= 0.0105 X 608 = 6.384 MCM 
c) Draft by p r i v a t e shallow tube w e l l s : 
Unit d r a f t = 0.0068 
Nunber of p r i v a l shallow txobe wel l = 900 
Total d r a f t = 900 x 0.0068 
= 6.12 M.C.M. 
35) 
d) Draft by handpurops 
unit drat t = 0.000036 M.C.M. 
Total number of handpump = 7 0 5 0 
= 0,000036 X 7050 
Draft = 0.2545 M.C.M. 
e) Draft by Dug wells : 
Unit draft = 0.00036 MCM 
Total no. of Dug well = 585 
Draft = 0 .211 MCM 
f) Draft by Rahets : 
Unit draft = 0.005 MCM 
Total nvaaber = 2oo 
Draft = 0.005 X 2oo 
= 1.00 MCM 
Total draft = o.575 + 6.3B4 + 6.12 + 0.25 + 0.211 + 1.00 
= 22.54 MCM 
The hydrologic equation, which is basically a s ta te-
ment of the law of conservation o^ f matter as ^ p l i e d by 
hydrologic cycle helps to define the waters balance. I t 
s t a tes that in specific period of time all water entering 
a Specific area must equal the tsater leaving the area 
plus/minus change m storage within the area. In case of 
36) 
groundwater system the water balance in i t s simplest form 
may be expressed as : 
I - O = + S 
where I inflow 
0 outflow 
+_ S change in storage 
67.486 - 22.54 = 44.946 
+ S = 44.95 MCM 
TABUS - 4 : Estimation of groundwater Dalance available 
for future development in A.M.U. campus 
and around. 
Gross Usable Provision Net resource Ground-
water 
Ar«a-AMU 
Campus recha- resour- for dome- available 
and arou- rge in ce MCM s t i c and for i r r i g a - draft 
nd in MCM indus t r i a l t ion in MCM on 1986 
sq.km. uses MCM in MCM 
Available 
for ^iture 
developmpnl 
in MCM 
32 5 67.4b6 47.24 9.44 37.792 /2 .54 20.246 
STAGE OF GRQUMDWATER EEVELOPMSNT 
I n o r d e r t o d e t e r m i n e t h e s-tage of g r o u n d w a t e r deve lopment 
i n t h e s t u d y a r e a , NABARD'S norms has been t a k e n i n t o a c c o u n t which 
i s as f o l l o w s : 
37) 
Net year ly d ra f t ^ ^^^ 
Stage of groundwater development = • 
Net recoverable 
recharge 
An area with development l e s s than 65% i s considered 
as ' w h i t e ' , 65 t o tib% ' g r e y ' and more than 85% development 
as darjc. 
Stage of groundwater i n A.M.U. campus and around 
22.54 
= 50.15% 
44.94 
In A.M.U. campus and around 50% groundwater resource 
has been developed and i t f a l l s i n ' w h i t e ' ca tegory with 
a c o n s i d e r a b l e scope for f u r t h e r development i n the a r e a . 
In view of 50.15% groundwater development so far 
t h e r e i s l a r g e groundwater s u r p l u s a v a i l a b l e for t h e fu r the r 
development i n t h e a r^a , which can be u t i l i z e d f u r t h e r 
th rough t h e c o n s t r u c t i o n of a t l e a s t 2oO deep tubewel l with 
3 
pumping r a t e of 150 m / h o u r with a w e l l spacing of 2 50 metres 
and economic 4 t o 6,5 metres of drawdown, Boside? i t about 
1000 shallow tuJDe we l l s having a d i scha rge of 50 m /hour , 
wi th a well f a c i n g of 170 m may be a l s o c o a s t r u c t e d . 
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SPECIAL GROUNDWATER BALANCE STUDIES OF A.M.U. CAMPUS 
T o t a l number of deep t u b e w e l l in t h e campus = 12 
The d i s c h a r g e of e a c h t u b e w e l l =112 m / h o u r 
D a i l y Running hou r s of e ach t u b e w e l l = 12 hour 
Annual w i t h d r a w l of w a t e r from deep t i ibe 
= 112 X 12 X 12 X 365 = 5886720 m^  
= 5 .8 MCM 
i i ) The t o t a l number of s h a l l o w t u b e w e e l i n t h e campus = 63 
The d i s c h a r g e of e a c h t u b e w e l l = 22 m / h o u r 
D a i l y r u n n i n g h o u r s = 3 h o u r s 
Annual wi thdraw of w a t e r from s h a l l o w tube we l l 
22 X 3 X 63 X 365 = 1517670 m^ 
= 1.5 MCM 
i i i ) T o t a l number of s h a l l o w p r i v a t e t u b e w e l l = 500 
a) Number of s h a l l o w f a r m e r t u b e we l l = 2oo 
The d i s c h a r g e of e a c h t u b e w e l l = 45 m / h o u r 
T o t a l r u n n i n g h o u r s = 3 0 hou r s 
The w i t h d r a w l t h r o u g h s h a l l o w f a r m e r s t u b e we l l = 
200 X 30 X 45 = 270000 m'^  
= 0.2 7 MCM 
b) T o t a l N Q . of d o m e s t i c t u C e w e l l = 3oo 
300 X 3 X 365 = 328500 m = , 32 MCM' 
T o t a l w i t h d r a w a l througta a and b = . 32+ .27 =,59 MCM 
39) 
i v ) T o t a l number of hand pumps = lur^O 
The d i s c h a r g e of each handpuoip = 1 0 0 l i t r e / d a y . 
Annual w i t h d r a w a l from hand pump : 
= 1050 X IQQ X 365 ^ 3^^325 m' = 0 . 3 8 MCM 
100 
summing i p t h e annua l w i th d raw l o f w a t e r from a l l f o u r t y p e s 
o f w e l l 5 .b + 1 . 5 + .59 + .38 = 8.2 MCM 
L 2 
T o t a l a r e a of A.M.U. campus = 15 km 
Area c o v e r e d by pakka s t r u c t u r e s = 2 m km 
/ 2 E f f e c t i v e a r e a = 15-2 = 13 k m 
Gross Annual r e c h a r g e = Area i n v o l v e d x Annual 
f l u c t u a t i o n X sp y i e l d 
= 13 X 2 X .20 = 5 .20 
Hence n e t w a t e r b a l a n c e 
= R e c h a r g e - d i s c h a r g e = + A? 
5.2 _ 8.2 = - 3 M.C.M. 
S = - 3 MCM 
The study shows that the total annual withdrawl has 
much exceeded the total annual recharge which has led to the 
declining trend of water table in the campus. 
40) 
CHAPTER - VI 
H Y D R O C H E M I S T R Y 
In o r d e r t o s tudy the ground water q u a l i t y , in a l l 
61 ground water samples c o l l e c t e d du r ing June, 1986 from 
open w e l l s , shallow and deep tube w e l l s spread over the 
e n t i r e a r e a . The water samples were a l so c o l l e c t e d from the 
s u r f a c e water bodies such as r iver* l a k e s , c ana l s and 
p o n d s . The water samples c o l l e c t e d were put t o p a r t i a l and 
complete chemical ana lyses in the Geocheraical l a b o r a t o r y 
of t h e Geology Department, A.M.U.,Aligarh. 
METHOD OF COI.I^CTIQN : 
The sant)les f o r p a r t i a l chemical ana lyses were 
c o l l e c t e d i n wel l c leaned and t r e a t e d one l i t r e c a p a c i t y 
double s toppered po ly thene b o t t l e s . The b o t t l e s a f t e r 
c o l l e c t i o n of samples weire ceped with i nne r l i d and then 
caped and sea l ed with wax i n s t a n t l y in the f i e l d . Another 
group o:f samples for t r a c e elements s t u d i e s were c o l l e c t e d 
from s e l e c t e d o b s e r v a t i o n s t a t i o n in s e p a r a t e 2 l i t r e 
c a p a c i t y poly thene b o t t l e s .This group of samples were t r e a t e d 
a t s i t e immediately with 10 ml 6 MJO3 and then caped 
and s e a l e d with wax as above. 
In o r d e r t o a s s e s s surface wa te r qua l i ty of and 
i t s i n t e r a l i a r e l a t i o n with ground water, samples for 
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d e t a i l e d a n a l y s e s were c o l l e c t e d from r i v e r s , c a n a l s and 
p o n d s a l s o w i t h t h e same p r o c e d u r e , 
ANALYTICAL PROCEDURE : 
The samples f o r d e t a i l e d c h e m i c a l a n a l y s i s (major 
and minor c o n s t i t u e n t s ) were a n a l y s e d i n t h e Geochemical 
l a b of t h e Geology Depar tmen t , A . M . U . , A l i g a r h as p e r 
s t a n d a r a a e t h o d s recommended Jay ApHA (1975 ) , J a c k s o n M.L. 
(1958) and T r i v e d y , R.K. , Geol P .K. (1984) and t h o s e 
c o l l e c t e d f o r t r a c e e l e m e n t d e t e r m i n a t i o n were a n a l y s e d i n 
t h e same l a i x ) r a t o r y by GBC-902 D o u b l e Beam Atomic A b s o r p t i o n 
S p e c t r o p h o t G o i e t e r . 
The s a n p l e s were f i r s t a n a l y s e d f o r m a j o r e l e m e n t s 
l i k e sodium, p o t a s s i i w i , c a l c i u m , roagnesim and c h l o r i d e 
and r a d i c a l s l i k e s u l p h a t e , c a r b o n a t e , b i c a r b o n a t e and 
f o r t r a c e e l e m e n t s l i k e Fe, Mn, Cu, Zn, Cd, Cr , Pb, N i , 
Co, L i , S r and Ba. Botn a n i o n s and c a t i c n s were d e t e r m i n e d 
by V o l u m e t r i c t e c h n i q u e s e x c e p t sodi ian, p o t a s s i u m and 
s u l p h a t e . S u l p h a t e was d e t e r m i n e d by g r a v i m e t r i c method 
and sodium and p o t a s s i u m were d e t e r m i n e d by Atomic A b s o r p t i o n 
S p e c t r o p h o t o m e t e r , The t r a c e e l e m e n t s were d e t o n i i n e d w i t h 
t h e h e l p of Atomic A b s o r p t i o n S p e c t r o p h o t o m e t e r , A b l a n k 
s a m p l e was made f o r e ach s p e c t r o p h o t o m e t r i c a n a l y s i s i n 
o r d e r t o accoun t f o r any a n a l y t i c a l and i n s t r u m e n t a l e r r o r . 
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MAJOR ELEMENTS AND RADICALS 
1 . Hydrogen Ion Concentration (pH) : Generally the shallow 
ground water in the area i s moderately a lkal ine in reaction 
with values of pH ranging between 7,49 and 8.17, However 
in the univers i ty campus pH values are higher in comparison 
t o o ther par t s of the area, t h i s poss ib ly may be due to 
frequent use of detergent . In general the pH of water i s 
with in the permissible l imi t s for potable water. 
2 . E lec t r i ca l Conductivity (E.G. microrahos/cm at 25 C : 
E l e c t r i c a l conductivity i s the measure of the mineralisaticxi 
and i s ind ica t ive of the s a l i n i t y of ground water. As the 
da te shews (Plate-XV) tha t the spec i f i c conductivi ty 
of the shallow ground water in the major par t of the area 
va r i e s between 500 and 1320 roicromnos/cm at 25 . Higher 
values are obtained from North-western pa r t around kulwa 
l a k e . Highest value i s recorded in a dug well at Manzurgarhi, 
3 , Carbonates : The concentration of carbonate ranges from 
7 g^m to 90 ppm. The nighest value i s recorded in ground 
water sample of Barai subhangariii, 
4 , Blosrboaate t bicarbonate conceittration var ies from 
311 to 59b ppm. I t may be added tha t bicarbonate content in 
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ground water i s dependent upon the p a r t i a l pressure of 
carbon-dioxide in the s o i l . Bicarbonate shows fluctuation 
depending t^on CO2 pressure in the s o i l , quite independent 
of the aquifer c h a r a c t e r i s t i c s . 
5, Chlorides : Indian Council of Medical Research (1974) 
while recommending 2oO ypm as desi rable l imi t s of chloride 
in potable waters has also l a i d down lOOO ppm as maximum 
permissible l imi t where no other a l t e rna t ive source i s 
ava i l ab l e . Chloride map has been prepared (Plate -XVI), 
As i t i s evident from the i l l u s t r a t i o n that in major par t 
of the area the chlor ide concentration in shallow ground 
water i s below 2oO ppm. The maximum concentration of 
ch lor ide was recorded in an open well at Manzurgarhi, 
6 , Sulphates i The sulphate concentration has been found to 
vary from 32 ppm to 416 ppm. The highest concentration was 
found in Daulatpur. In major par t of the ar^a, the sulphate 
concentrat ion was found within the permissible l imit of 
2 50 ppni. High concentration of su lpha t e may be because of 
sodiaai sulphate and low concentration probably may be because 
of l e s s oxidation of sulphide to su lphate . 
7, Total Hardness : Tnis has been measured as CaCo3 and 
ranges from 120 ppra to 52 0 ppm. Most ot the water in the 
4 4 ) 
area (P^ate-XVII) i s tonnd witi, in the permissible l imit of 
3oO ppm. At places the concentration was found higher than 
the permissible l i m i t . The highest value of 52 0 ppm was 
recorded in Manzurgarhi well, 
8. Sodium : The concentration of sodiun ranges between 
74 ppm to 260 ppm, Thehighest concentration of sodium was 
recorded in Dodhpur area of A.M.U. campus. However the 
Concentration of sodium was found well with in tho reasonable 
l i m i t s , Sodium concentration in drinking water around 2oo 
ppm may be harmful to persons suffering from cardiac, renal 
and diseases per ta in ing t o c i r cu la to ry system, 
y . Potassium : The concentration of potassium ion in ground 
water var ies trom 15 ppm to 171 ppm. The highest concentra-
t i o n of pccaasiuro has been found in Muradpur well water 
s anp l e . The concentration of potassium i s generally low in 
ground water, potassium s a l t s are of therepeut ic value 
in the treatment of familiar per iodic Paralysis while no 
desir-ahuLe or excessive l imit for potassium seems t o have 
been s«t , though 1000-2 000 ppm se«ms to be the extreme l imit 
fo r K-ion in drinking water, 
10. Calcium ; Calcium i s an e s sen t i a l element and human 
body requi res 0.7 t o 2,00 gram per day. However, l a rge r 
45) 
d o s e s may be r e q u i r e d by pe rmanen t o r l a c t a t i n g woroens 
o r g rowing c h i l d r e n . The absence of c a l c i u m m v e r y s o f t 
w a t e r s has been c o n s i d e r e d r e s p o n s i b l e f o r r i c k e t s , decayed 
t e e t h e t c , w h i l e h a r d w a t e r s h a v i n g h i g h ca l c ium c o n c e n t r a -
t i o n may add t o u r i n a r y d i so ixJe r e t c . The l i m i t s of c a l c i a n 
i n d r i n k i n g w a t e r s a r e n o t based on h e a l t h cons ide ra t i cMi 
a s even w a t e r s h a v i n g loO ppra of c a l c i u m i s h a r m l e s s . 
An a v e r a g e d a i l y a d u l t r e q u i r e m e n t of ca l c ium i s 10 mg/kg 
of body we igh t and f o r g rowing c h i l d r e n 4 0 . 6 mg/kg of body 
w e i g h t . 
The c o n c e n t r a t i o n of c a l c i a n i n t h e ground w a t e r of 
t h e a r e a r a n g e s ce tween 15 ppm t o 2 o l ppm. The h i g h e s t 
v a l u e i s r e c o r d e d i n w e l l w a t e r of Hardua v i l l a g e 2 u l ppm. 
1 1 . Magnesium s I t i s one of t h e c o a t i t u e n t r e s p c a i s i b l e 
t o r h a r d n e s s of w a t e r , w h i l e low c o n c e n t r a t i o n s a r e n o t 
h a r m f u l , h i g h e r c o n c e n t r a t i o n a r e l a x a t i v e . The c o n c e n t r a -
t i o n of Magnesium has been found t o be v a r y from 2 5 t o 
117 ppm. The h i g t w s t c o n c e n t r a t i o n was found i n w e l l w a t e r 
o f M a n z u r g a r h i . However w i t h f o r e x c e p t i o n s m o s t l y t h e 
v a l u e s a r e w e l l w i t h i n t h e p e r m i s s i b l e l i m i t s of 50 ppm, 
TOTAL DISSOLVED SOLID3 : 
The t o t a l d i s soAved s o l i d s a r e d i r e c t l y r e l a t e d 
w i t h e l e c t r i c a l c o n d u c t i v i t y o r s a l i n i t y , I n d i a n C o u n c i l 
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o t M e d i c a l R e s e a r c h w h i l e recommending 500 TDs i n p o t a b l e 
w a t e r has a l s o l a i d maximum p e r m i s s i b l e l i m i t s o t 1500 ppm 
TDS where no a l t e r a n t i v e s o u r c e i s a v a i l a b l e . T D S r a n g e s 
b e t w e e n 32o t o 84 6 ppm. The h i g h e s t v a l u e was r e c o r d e d 
M a n z u r g a r h i w e l l w a t e r . 
TRACE ELEMENTS 
C e r t a i n e l e m e n t s , t h e s o c a l l e d t r a c e e l e m e n t s i n 
Very low c o n c e n t r a t i o n p l « y a v e r y i m p o r t a n t r o l e i n t h e d i e t s 
of human and a n i m a l s and i n t h e h e a l t h y growth o t t h e p l a n t s . 
However t h e s e v e r y e l e m e n t s a t h i g n e r l e v e l s may p r o v e 
i n j u n o u s o r even t o x i c t o an imal p l a n t l i f e . Al though human 
b e i n g and anxmals may g e t a p a r t of t o t a l i n t a k e o t t h e s e 
t r a c e c o n s t i t u e n t s t h r o u g h d i e t o r food, a p a r t may a l s o 
be s u p p l i e d t h r o u g h t h e medium of d r i n k i n g w a t e r and b e v e r g e s . 
D e f i c i e n c i e s of 2o -24 e l e m e n t s i n a n i m a l s and man ( F r i e d i n , 
19 72) and 13 t o 17 e l e m e n t s i n p l a n t s have been r e c o g n i s e d 
( E p s t e i n , 1 9 6 5 ) . I t mus t , oe s t a t e d t h a t i t i s n o t t h e 
o v e r a l l c o n c e n t r a t i o n of an e l e m e n t t h a t i s i m p o r t a n t , bu t 
t h e s p e c i e s of m e t a l p r e s e n t i n w a t e r t h a t i s a v a i l a b l e t o 
an o r g a n i s m o r p l a n t t h a t must be t a k e n i n t o c o n s i d e r a t i o n . 
The p r e s e n t d e s c r i b e s t h e t o t a l c o n c e n t r a t i o n of p a r a m e t e r 
o r t r a c e c o n s t i t u e n t p r e s e n t i n g round w a t e r of t h e s t u d y 
a r e a . 
47) 
I ron ; I t i s an e s s e n t i a l n u t r i e n t for humans animals 
and p l a n t s (Far ibanks e t a l ^ , 1971) , I t s c o n c e n t r a t i o n 
i n t h e shallow ground water ranges oetween 0.315 to 2 .33 ppm. 
The maximum c o n c e n t r a t i o n was observed in open well water a t 
Manzurgarhi , However, t h e c o n c n e t r a t i o n i s high&-r than the 
p e r m i s s i b l e l i m i t which may oe due t o metal p r o c e s s i n g f a c t o r s 
around the u n i v e r s i t y campus. In Kulwa pond t h e va lue sho^ots 
upto 2o ppm, 
Manqnese : The mangnese c o n c e n t r a t i o n v a r i e s between 
0.74 t o 0.614 ppm. The h ighes t va lue recorded in wel l water 
a t Manzurgarhi . 
Cppper : Copper c o n c e n t r a t i o n ranges between 0,12 ppm t o 
0 .35 ppm which i s below the p e r m i s s i b l e l i m i t for t h e use 
of d r ink ing wa te r . The h ighes t c o n c e n t r a t i o n i s recorded in 
Manzurgarhi well wa te r . 
Zinc : The c o n c e n t r a t i o n of z inc r ^ g e s between 0.24 ppm 
t o 1.51 ppm. The maximun c o n c e n t r a t i o n was recorded from 
t h e ground water sample of Geology Dqp t t . 
N icke l X The cor .cen t ra t ion of Nickel ranges between 0,172 ppm 
t o 0,37b ppm. The a n a l y t i c a l r e s u l t t h a t Ni con ten t i s low. 
Tile h ighes t va lue was oDserved well water a t Kanalpur , 
48) 
Cobal t : The c o n c e n t r a t i o n of c o b a l t ranges between 0.11 ppm 
t o 0.324 ppnn. I t s maximiiin c o n c e n t r a t i o n 0.342 ppm was found 
i n the deep tube well wate r a t 5 i r Syed H a l l . 
Lead : The c o n c e n t r a t i o n of Lead ranges between 0.495 
ppm t o 0.973 ppm, An alarming c o n c e n t r a t i o n of lead i s 
observed in ground wate r samples. The concent r a t icai i s much 
h i g h e r than t h e p e r m i s s i b l e l i m i t s recommended by W.H,0, 
Maximum c o n c e n t r a t i o n was recorded in Matizurgarhi wel l wa te r . 
Cadmium : Cadmium has a cumulat ive and h igh ly t o x i c 
e f f e c t on man. The c o n c e n t r a t i o n ranges between 0.02 0 t o 
0.039 ppm. The maximum c o n c e n t r a t i o n was recorded in t h e 
ground water samples of deep tubewel l in t h e Geology 
Department . 
Chromiun : An alarming c o n c e n t r a t i o n of chromium heaxavalent 
was Observed a t many p l a c e s . I t g e n e r a l l y ranges between 
0.04 ppm t o 0 .09 . The maximum c o n c e n t r a t i o n was observed 
from t h e sample of deep tube wel l i n t j « Geology Department . 
Lithium t The l i t h ium c o n c e n t r a t i o n ranges from 0.91 ppm 
t o 0.114 and i s not harmful for domest ic use . 
49) 
Rubidium : Rubidium i s a r a t e e l e m e n t and o c c u r s i n n a t u r e 
d i s p e r s e d wi th p o t a s s i u m . The c o n c e n t r a t i o n r a n g e s between 
0 .2 50 ppm t o 0 .33B ppm. The h i g h e s t v a l u e was r e c o r d e d in 
d e e p t u b e w e l l of Geology D e p a r t m e n t . 
Barium ; Chemical a n a l y s i s i n d i c a t e t h a t maximum c o n c e n t r a -
t i o n i s 1,55 ppm i n t h e ground w a t e r samples of M o r t h a l , 
I t s c o n c e n t r a t i o n r a n g e s be tween 0 , 0 8 3 . 1 . 5 5 ppm w i t h maximum. 
s t r o n t i u m s I t i s an e s s e n t i a l e l e m e n t f o r t h e c l a s s i f i c a t i o n 
o f bones and t e e t h . The c o n c e n t r a t i o n of t e e t h r a n g e s between 
0 , 2 8 0 t o 2 ,211 ppm. The h i g h e s t v a l u e was r e c o r d e d in deep 
t u b e w e l l w a t e r a t N a g l a P a t e l , 
WATER QUALITY CRITERIA 
Water t h e most v i t a l r e s o u r c e f o r a l l k i n d s of l i f e 
on t h i s p l a n e t i s a l s o t h e r e s o u r c e , a d v e r s e l y a f f e c t e d bo th 
q u a l i t a t i v e l y and q u a t i t a t i v e l y by a l l k i n d s of human 
a < : t ± v i t i e s on l a n d , m a i r o r i n w a t e r . 
The i n c r e a s i n g i n d u s t r i a l i z a t i o n , u r b a n i s a t i o n and 
o t h e r d e v e l o p m e n t a l a c t i v i t i e s and t h e i r i i ^ a c t has c r e a t e d 
a v e r i t a b l e w a t e r c r i s i s . Today mos t of t h e r i v e r s of t h e 
w o r l d r e c e i v e m i l l i o n s of l i t r e s of sewage^ d o m e s t i c w a s t e . 
50) 
agr icu l tu ra l and indu t r i a l e f fec ts containing substances 
varying in cha rac t e r i s t i c s from simple neut r ien ts to 
highly toxic substances. The fate of ground waters i s 
a lso same in most of the a reas . The industry continues 
t o be one of the most s igni f icant causes of polluticxi 
of aquatic ecosystem due t o diverse kind of waters produced 
by them. 
The teim qual i ty as applied to water embraces the 
combined physical , chemical and b io logica l cha r ac t e r i s t i c s 
and is a dominent factor i s determining the adquancy of 
any supply to sa t i s fy the requirements of various water 
u s e s . 
The in te rpre ta t ion of a> chemical analyses i s a 
highly subjective matter and i t i s not possible t o have 
a single c r i t e r i a t h a t can have universal appl ica t ion . 
Therefore, a ce r t a in accepted standard has been adopted 
while doing the i n t e rp re t a t i on of chemical analyses r e su l t s 
of water in re la t ion t o i t s use for domestic, i r r i g a t i o n 
and indus t r i a l uses with t h i s object in view followjJig 
c r i t e r i a has been adopted for i n t e rp r e t a t i on of the r e s u l t , 
1 . Water quality for Dcmestic and municipal uses : Various 
organisat ion a l l over the world (v iz , U.S. PHA (1962), 
WnO(1960), 1963 and 1971), USEPA (1973, ICMft, 1975) have 
l a i d down cer ta in guidelines for evaluatloti of water qua l i ty 
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5 1 ; 
for dcxnestic supplies and accordingly the concentration 
of various ions has already been discussed under the heads-
calcium, chloride, t o t a l dissolved sol ids and Fluorld 
and Ni t ra te were not determined due to some d i t f i c u l t i e s . 
High level concentration of heavy toxic elements in the 9 
ground water of A.M.U. Campus and t h e i r possible re la t ion 
with various heal th hazarxis : The past three decades have 
seen remarkable advance in the appreciat ion of s igni f icant 
ro le played by the so ca l led ' t r ace elements' in the 
d i e t s of humans and animals and for p lant gro%rt:h. However, 
these elements at higher leve ls may prove injur ious or 
even toxic to animal and plant l i f e . Although human being 
and animals may get a pa r t of t o t a l intake of these t race 
elements through d ie t or food, a pa r t may also be supplied 
through the medium of drinking water and beverages. However, 
most au thor i t i e s have l a id down upper l imi t s on the permi-
s s i b l e concentrat ions, of these cons t i tuen ts in potable 
wa te r s . The a i a l y t i c a l r esu l t s show that cextain t race element; 
i n ground watex of A ,M,U, , Campus are higher th.an the 
permiss ible l imi t which are as follows (Table-6), 
52) 
TABLE - 6 • Tox ic Trace Element-
E l e m e n t s 
Cd 
C r 
Pb 
Fe 
Cu 
Mn 
W.H.O. 
S t a n d a r d s 
i n mg/1 
0 , 0 1 
0 . 0 5 
0 . 1 
0 . 1 
0 . 0 5 
0 . 0 5 
ICMR 
S t a n d a r d s 
i n mg/1 
0 . 0 1 
0 . 0 5 
0 . 1 
0 . 3 
0 . 0 5 
0 . 1 
C o n c e n t r a t i 
A.M.U. Camp 
i n mg/1 
Minimum -
0 . 0 3 0 
0 .04 
0 .495 
0 .137 
0 .229 
0 .116 
on i n 
us 
Mcxijr;um 
0.039 
0 .09 
0 .973 
0 .406 
0 .246 
0 ,704 
^f a l l the heavy metals l i s t e d much at tent ion 
has been given to cadrniian. I t i s a highly toxic metal 
with no known b io logica l function and i s widely d i s t r i -
buted in the environment in t race amounts. Cadmium in 
high concentration i s a deadly poison, but snai l amounts 
of cadmiun taken over a long period of time bio accumulates 
i n the body and causes sirous i l l n e s s (Man Moban Venca, 
19 87), Cadmium gets accvatjulated and i s retained mainly 
i n the l i v e r and kidney, thus causing pathological changes 
of t he hepatocytes of the l i v e r as well as kidney, tubules 
and glomeruli changes (Itokawa e t a l . , 1974, Colucci e t a l . , 
1975), The two major effects of chronic cadmium tox ic i ty in 
5 3 ) 
persons that have been occ^pationaly exposed to caciniuni 
are obstruct ive lung disease and renal dysfunction. The 
lung disorder are primarily suggestive of pulmonary 
emphysema. The most common abnormality from chronic cadmium 
exposure involves renal tox ic i ty characterized by proteinu-
r e a . Other disturbances of renal tubular function include 
glycosuria, Amino acid uria, decreases the urine concentra-
t i n g ab i l i t y , and abnormalities in renal processing of 
u r i c acid, calcium and phosphorus (Drinking water and 
Health vol , 3, 1980). 
Hexavalent chroniun i s highly toxic while Trivalent 
chranium i s e s sen t i a l for e f f i c i en t l ip id , glucose and 
p ro t e in metabolism (U.S. Environmental f rotect icn Agency, 
Part I I , 1983), Chromate s a l t s are associated with cancer 
of lung i , e . Bronchogenic carcinoma, chromic acid and i t s 
s a l t s have corrosive action on the skin and mucous membrane. 
The chief effects of chromates are ulcerat ion of nasal 
septum and dermat i t i s . I t i s evident that people taking 
ground water with high concentration of chrcmluon are l ike ly 
t o sur fer from the above menticaied diseases (Singh K.P. and 
Bhayana, N. 1986). 
Lead i s one of the hazardous and po t en t i a l l y harmful 
po l l u t i ng agents. I t has i t s impact both on man and animals. 
5 4 ) 
Lead poisoning symptoms usually develop slowly. I t i s 
a metabolic poison inh ib i t ing the forroaticxi of hemoglobin 
by react ing with - SH Group, and in te r fe r ing with enzymatic 
poisoning. Poisoning i s accompanied by symptoms of 
i n t e s t i n a l cramps, per ipheral nerve para lys i s , anaemia and 
severe fa t igue . 
Lead has implicated to cause mental re tardat ion 
among children, increased abortion ra tes and I n f e r t i l i t y 
in males. Recent l i t e r a t u r e shows tha t lead may cause 
hypertension also (Man Mohan Vanna, 1987), 
Iron i s e s s e n t i a l element in human nu t r i t i on but 
becomes highly toxic when administered paren te ra l ly 
(Faircanks e t a l . , 1971), Hemochromatosis c l i n i c a l l y 
by enlargement of the l i v e r and pigmentation of the skin. 
Affected persons are frequently develop diabetes mel l i tus 
and heart f a i l u r e . These symptoms are caused by a toxic 
accumulation of i ron in the body t i s sues (Britanica, 1973-74] 
Mangnese ac t iva tes a host of c r i t i c a l i n t r a c e l l u l a r 
eTizymes. The metal appears to play a role in oxidative 
phosptorylat ion, f a t t y acid metabolism e t c . I t has neurologi-
cal symptoms. 
Copper i s e s sen t i a l in human metabolism (World 
Health Organisation, 1973), and i s c r i t i c a l to such 
d iverse a c t i v i t i e s as hemi-synthesis, connective t i s s u e 
5 5 
Bie tabo l l sm, bone deve lopment and n e r v e f u n c t i o n . 
E l e v a t e d c o n c e n t r a t i o n of c o p p e r i n s e r u r a r e o b s e r v e d 
i n a l a r g e number of a c t u t e and ch romic d i s e a s e s . I t i s 
c o n s i d e r e d t o be n o n t o x i c f o r man a t l e v e l s e n c o u n t e r e d 
i n d r i n k i n g w a t e r . The g r e a t e s t d a n g e r of t o x i c i t y a r i s e s 
when c h i l d r e n consume a c i d i c b e v e r a g e s t h a t have been i n 
c o n t a c t wi th c o p p e r c o n t a i n e r s o r v a l u e s (Food and Drug 
A d m i n i s t r a t i o n , 1 9 7 5 ) , 
WATER QUALITY FOR IRRIGATICMJ PURPOSES 
Water q u a l i t y c r i t e r i a f o r i r r i g a t i o n i s a complex 
s u b j e c t and as such i t has no t been p o s s i b l e t o have an 
a g r e e d c r i t e r i a on a u n i v e r s a l b a s i s b e c a u s e growth of 
a p a r t i c u l a r c r o p depends on many f a c t o r s and n o t m e r e l y 
on c h e m i s t r y of i r r i g a t i o n w a t e r . 
F a c t o r s t o be cons ideTed i n e v a l u a t i n g t h e u s e f u l n e s s 
o f ground w a t e r f o r i r r i g a t i o n a r e ; t h e t o t a l c o n c e n t r a t i o n 
o f d i s s o l v e d s o l i d s , t h e c o n c e n t r a t i o n of i n d i v i d u a l 
c o n s t i t u e n t s , t h e r e l a t i v e p r o p o r t i o n s of some of t h e 
c o n s t i t u e n t s , t h e n a t u r e and c o m p o s i t i o n of t h e s o i l and 
s u b s o i l , t h e t o p o g r a p h y of t h e l a n d , t h e p o s i t i o n of t h e 
w a t e r t a b l e , t h e c amounts of t h e g round w a t e r used and 
t i je method of a p p l y i n g i t , t h e k i n d s of c r o p s grown, and 
t h e c l i m a t e of t he a r e a and t h e method o f t h e c r o p 
56 ) 
management (Walton W.C. 1970). 
The data obtained from deta i led chemical analyses 
of ground water samples were processed and in te rpre ted 
on the es tabl ished giiidelines proposed by various 
s c i e n t i s t s of the d i s c i p l i n e . The same are discussed 
below. 
1 . Sa i in i tv and Sodium Hazards 
I r r i g a t i o n water i s owe of the major contr ibutors 
of soluble s a l t s t o the s o i l s in addition t o those already 
p r e s e n t . I t i s the water tha t i s removed by evaporation 
o r t r ansp i ra t ion , and these are the two process which u l t i -
mated control the degree of osmotic s t r e s s to which 
p l a n t wil l be exposed. In the shallow water tab le area 
where the ground water i s sa l ine , the evapotranspirat ion 
process also c rea tes a sanction force tha t may produce an 
appreciable upward flow of water and s a l t s to the root 
zone by wnich many types of s o i l s become salanized and 
t h e water soi l s a l i n i t y becomes so high as to re tard the 
geomin^tlon of seed or grovrth of p l a n t s . 
In place o± r i g id l imi t s of s a l i n i t y for I r r i g a t i o n 
water, qual i ty i s expressed by c lasses of r e l a t ive 
• t t t l tab l l i ty (Wilcox. 19 55), Wilcox prepared a c l a s s i f i c a -
t i o n based on the E l e c t r i c a l conductivity, godixjro percentage. 
57) 
Boron c o n c e n t r a t i o n and R e s i d u a l a l k a l i n i t y which i s 
g i v e n i n t a b l e ( 7 ) . 
TABLE - 7 : Guide t o t h e j u a l i t y of I r r i g a t i o n w a t e r 
S p e c i f i c 
c o n d u c t a n c e 
cnmho/cro 
< 0 . 7 5 
0 . 7 5 - 2 . 0 0 
2 . 0 0 - 3 .00 
> 3 . 0 
sodium 
p e r c e n t a g e 
> 65 
50-65 
92 
> 92 
Boron 
ppm 
0 . 3 - 1 
0 . 7 - 2 
1-3 
1 . 2 - 3 . 8 
R e s i d u a l 
Na2Co.j 
roeq/1 
« 1.2 5 
< 1.2 5 
1.2 5 - 2 . 5 
- 2 . 5 
J u a l i t y of 
i r r i g a t i o n 
w a t e r 
E x c e l l e n t t o 
good 
Good t o 
pe r f f i i s s i b l e 
Doub t fu l t o 
u n s u i t a b l e 
U n s u i t a b l e 
T o t a l d i s s o l v e d s o l i d s a r e g e n e r a l l y i n t e r p r e t e d as 
e l e c t r i c a l c o n d u c t i v i t y and i r r i g a t i o n w a t e r c l a s s i f i -
c a t i o n based on e l e c t r i c a l c o n d u c t i v i t y i s g iven b e l o w . 
The U . 3 . s a l i n i t y L a b o r a t o r y S t a f f (19 54) h a s p r o p o s e d 
t h e use of t h e sodium Absorp t i cm R a t i o ( S . A . R . ) f o r 
s t u d y i n g t h e s u i t a b i l i t y of ground w a t e r f o r i r r i g a t i o n 
p u r p o s e s . I t i s d e f i n e d by 
Na 
^ #A « A « — 
s7^„ ++ . .>_+ Ca_ •M g 
2 
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TABLE _ b : j u a l i t y c l a s s i t i c a t i o n of i r r i ga t ion water 
(After U.S. Sa l in i ty Laboratory) 
Class i f ica t ion E lec t r i ca l 
conduct ivi ty 
in micromohos/cm 
Sa l in i ty 
Hazards 
AlakaU 
Hazards 
Class I - Excellent 
Class I I - Good 
Class Ill-Moderate (Permissible with 
caution) 
Class IV-Unsatis-
factory 
< 2 50 
2 50 - 75 0 
750-22 50 
22 50-4000 
Low upto 10 
Moderate 10-18 
Medium High 18-26 
High > 26 
The ana ly t ica l r e su l t s of groxindwater of the study 
are shows that the qual i ty of water i s sui table for i r r i g a t i a i 
because i t belongs to ciass-2 good and c lass-3 modexate 
with niodexate to medium high s a l i n i t y hazards. 
Presence of sodiuro iom in water I s generally 
responsible for e t f ec t ing the physical conditlcais of the 
so i l as I t rsplaces calcium ion from the soi l and makes 
i t sodium s o i l . Thus the extent of sodium ion in re la t ion 
t o calcium and magnesium ions In dissolved so l ids i s more 
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i n d i c a t i v e of s o l u b l e s a l t s a l o n e . As such w a t e r c l a s s i -
f i c a t i o n b a s e d on sodium a b s o r p t i o n r a t i o i s c o n s i d e r e d 
t o be a b e t t e r i n d i c a t o r of t h e q u a l i t y of w a t e r f o r 
i r r i g a t i o n p u r p o s e s and s i g n i t i c a n c e of t h e c l a s s i f i c a t i o n 
h a s been p r e s e n t e d d i a g r a m a t i c a l l y i n (Pla4ie X V I I I ) , 
From b o t h d i ag ram i t i s s e e n t h a t t h e m a j o r i t y 
o f ground w a t e r s amples b e l o n g s t o ^25-^, C S^^ ^ c l a s s and 
E x c e l l e n t t o good, good t o p e r m i s s i b l e ( p l a t e Xix) which 
may be used f o r i r r i g a t i o n p u r p o s e s b u t s o i l w a t e r 
management and p r o p e r d r a i n a g e f a c i l i t i e s w i l l be r e q u i r e d 
i n o r d e r t o a v o i d h a r a r d s and l o n g c o n t i n u o u s u s e . 
JfflSXDiOAL AUCALINITY OR RE.9IDUAL -SODIUM CARBONATE 
From a n a l y s e s d a t * t h e r e s i d u a l a l k a l i n i t y concen -
t r a t i o n was c a l c u l a t e d and a n a l y s e d . The a n a l y s i s r e v e a l 
t h a t 50^ of t h e w a t e r samples have l e s s t h a n 1.2 5 me/1 
RSC v a l u e s which a r e s u i t a b l e f o r i r r i g a t i o n p u r p o s e s , bu t 
r e s t o± t h e samples have e i t h e r 2 . 0 0 me/1 o r more'RSC 
v a l u e s ( a t t i m e s e x c e e d 4 , 5 5 m e / 1 ) . Such w a t e r s i f used 
f o r i r r i g a t i o n f o r l o n g t i m e may be h a z a r d o u s t o s o i l s , 
i f a p p r o p r i a t e m e a s u r e s a r e n o t t a k e n , 
TRACE ELEMENTS 
A p a r t from u s e f u l functi^on of m a j o r i o n s , need 
o f some m e t a l s , a l t h o u g h i n v e r ^ s m a l l amount, a re now 
60) 
b e i n g r e c o g n i s e d , a s p r o f o u n d l y b e n e f i c i a l t o c r o p ? 
f o r p r o p e r growth of t h e p l a n t s a t d i r f e r e n t s t a g e s . 
These m e t a l s a r e known as m in o r o r t r a c e e l e m e n t s . 
The t r a c e e l e m e n t s such as Cu, Zv, Fe, Ni , Mn, Co e t c . 
a r e now b e i n g c o n s i d e r e d t o be e s s e n t i a l f o r p r o p e r 
g rowth of p l a n t . However, t h e i r m e t a b o l i c r o l e t o w a r d s 
p l a n t s n u t r i t i o n a r e ue t t o be emphas ized w i t h comple t e 
a w a m e s s . 
P e r u s a l of a n a l y t i c a l r e s u l t s r e v e a l t h a t c o n c e n -
t r a t i o n of above m i c r o n u t r i e n t s i n t h e w a t e r of d i f f e r e n t 
s o u r c e s a r e w i t h i n t h e recomended l i m i t of F e d e r a l 
w a t e r P o l l u t i o n C o n t r o l F e d e r a t i o n (1968) and Ayres and 
Branson ( 1 9 7 5 ) , As such t h e y w i l l n o t p roduce any t o x i c 
e f f e c t t o p l a n t s i f w a t e r s a r e u sed c o n t i n u o u s l y f o r 
i r r i g a t i a i p u r p o s e s . 
TABl£ - 9 s T r a c e e l e m e n t s t o l e r a n c e l i m i t o f i r r i g a t i o n 
w a t e r as p r o p o s e d by FWpCF(1968) and Ayers and 
Branson(1975) ( c o n c e n t r a t i o n , e x p r e s s e d i n m g / 1 ) . 
Water use(FWPCF, 196B) Water use (Ayers Branson, 
E l e m e n t s 1976) 
Cksnti- S h o r t terra i n 'Cont i - S h o r t term i n 
nuous f i n e t e x t u r e d nuous f i n e t e x t u r e d 
s o i l s s o i l s 
5 .0 0 .2o 5 .0 
5 .0 1 5 . 0 
5 . 0 2 . 5 2 . 5 
5 .0 0.2 1 0 . 0 
2 . 0 0.2 2 . 0 
1 0 . 0 2 . 0 1 0 . 0 
0 . 0 5 0 .01 0 , 0 5 
1 0 , 0 0 . 0 5 5 .0 
lO.O 5 .0 1 0 . 0 
0 . 0 5 0 .1 1 ,0 
Copper 
I r c n 
Lithium 
Mangnese 
Strontium 
Nick«l 
Zinc 
CadmiuDD 
CoJaa l t 
Lead 
Cfrromixjm 
0,2 0 
— 
5,0 
2 . 0 
— 
0 , 5 
5 .0 
0 ,005 
0.20 
5 .0 
5 .0 
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WATER QUALITY FOR INDUSTRIAL PURPOSES 
Water q u a l i t y f o r d i f f e r e n t i n d u s t r y d i f f e r w i d e l y , 
and i t i s n o t p o s s i b l e t o l i s t a g e n e r a l c r i t e r i a f o r 
a l l t h e i n d u s t r i e s . C o r r o s i o n and s c a l e formaticm a r e 
t h e two majo r h a z a r d s commonly e n c o u n t e r e d by a lmos t 
a l l t h e i n d u s t r i e s , t h e r m a l power s t a t i o n s e t c . , u s i n g 
l a r g e q u a n t i t i e s of w a t e r f o r c o o l i n g and s team r a i s i n g 
p u r p o s e s * 
Frooi an e x t e n s i v e sti:KJy o f i n d u s t r i a l w a t e r 
q u a l i t y , a commi t t ee o f New E n g l a n d Wate r Works A s s o c i a t i o n 
(Anon, 1940) s u g g e s t e d l i m i t s f o r s e l e c t e d i n d u s t r i e s . 
Of a l m o s t e q u a l i m p o r t a n c e f o r i n d u s t r i a l p u r p o s e s 
a s q u a l i t y o f a w a t e r s u p p l y i s t h e r e l a t i v e c o n s t a n c y 
o f t h e v a r i o u s c o n s t i t u e n t s . I n some a r e a s , ground w a t e r s 
have been used e x t e n s i v e l y f o r i n d u s t r i a l p u r p o s e s b e c a u s e 
o f t h e i r low and r e l a t i v e l y c o n s t a n t t e m p e r a t u r e . The 
a c c e p t e d c l a s s i f i c a t i o n of w a t e r w i t h r e g a r d s t o h a r d n e s s 
i s a s f o l l o w s : 
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TABLE _ 10 : Classificaticxi of water on the basis 
of hardness 
1. 
2. 
3. 
4. 
Class 
Soft 
Moderately hard 
Hard 
Very hard 
Hardness 
0-60 
61 _ 120 
121 _ 180 
> IbO 
The analy t ica l r e su l t (Append±x-III) shows that 
the ground water of the area i s su i t ab le for i ndus t r i a l 
purposes . 
b3) 
SUMMARY AND CONCLUSION 
Groundwate r o c c u r s i n g e o l o g i c env i ronmen t where 
t h e g e o l o g y i s t h e c o n t a i n e r and w a t e r i s t h e c o n t e n t . By 
i n v e s t i g a t i o n i s mean t t h e c o l l e c t i o n , s y n t h e s i s and 
i n t e r p r e t a t i o n of d a t a so t h a t one c a n d e f i n e t h e e n v i r o n -
men t i n which g r o u n d w a t e r o c c u r s and t h e flow sys tem of 
t h e g r o u n d w a t e r b o d i e s . 
H y d r o g e o l o g i c a l and h y d r o c h e m i c a l d a t a from 117 open 
w e l l s and 17 deep t u b e w e l l s s p r e a d o v e r an a r e a of 326 SqWn 
l y i n g be tween t h e N o r t h e r n Ra i lway l i n e i n t h e wes t , and 
s t r e t c h i n g e a s t w a r d , encompass ing t h e A.M.U. Campus, u p t o 
t h e bank of K a l i N a d i , has f u r n i s h e d v a l u a b l e i n f o r m a t i o n on 
t h e g round %*ater r eg ieme of t h e a r e a . A c r i t i c a l a n a l y s i s 
o f t h e d a t a has h e l p e d i n i d e n t i f y i n g t h e p a t t e r n of g round-
w a t e r occurence,^ i t s movement, a r e a s o f r e c h a r g e and d i s c h a r g e 
a n d t h e i r i n t e r r e l a t i o n s h i p . 
On t h e sagged^ e r o d e d and u p t u r n e d s u r f a c e of t h e 
u p p e r Bhandar s a n d s t o n e , s h a l e and l i m e s t o n e s , v>'ere d e p o s i t e d 
a l l u v i a l s e d i m e n t s c o m p r i s i n g c l a y , sub sand of v a r i o u s 
g r a d e s , g r a v e l , Kankax e t c . i n v a r y i n g p r o p o r t i o n . The b e d s 
a r e g e n e r a l l y t e n t i c u l a r and t h e r e a r e r a p i d a l t e r n a t i o n s 
and g r a d a t i o n s be tween g r a n u l a r and c l a y e y m a t e r i a l s . T h r e e 
t o f o u r d i f f e r e n t a q u i f e r s were i d e n t i f i e d down t o t h e bed 
64) 
rock encountered at 340 m.b .g . l . which merge in to a single 
aquifer in western, central and eas tern pa r t s thus cons t i -
t u t i n g one single aquifer system. 
Groundwater occurs under water tab le condition in 
shallow aquifex and semi-confined to confined in deeper 
aqu i fe r s . 
The depth t o water level ranges from 3.27 t o 10,07 
m . b . g . l , , where as the peizoroetric head of the deeper 
aqui fer r e s t s between 7,32 to 10.Ol in below ground l e v e l , 
3 The y ie ld of shallow tube wells ranges from 30 m / h t o 
50 m / h whereas the discharge of deep tubewells ranges 
3 3 
between 150 m / h to 186 m / h for a drawdowns vary from 
6.55 t o 10.01 m. 
An attempt has been made to work out the ground water 
balance in the area . The annual recoverable recharge has been 
worked out to be 67,486 MCM. The net annual draft i s 22.54 MCM 
leaving a balance of 20.246 >CrM for future ground water 
development further, special ground water balance s tudies 
of A.M.U. Campus was car r ied o u t . The annual recoverable 
recharge has been computed to be 5.2 MGM. The net annual 
d ra f t i s 8.2 MCM resu l t ing a short f a l l of 3 MCM. This 
shows t h a t in the A.M.U. Campus, there i s over development 
of groundwater leading t o the decl in ing water t a b l e . 
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The ground water of the area i s good, pet able and 
su i t ab le for domestic as well as i r r ega t iona l purposes. 
Shallow aquifers are highly poluted with the heavy toxic 
metals l ike Cd, Cr, PD, Fe, Cu, e t c . which may en ta i l 
various heal th hazards to i t s u se r s . 
Rainfall i s / ^ t ^ the main source of recharge to the 
ground water body besides the seepage from the Upper Ganga 
Canal, The seepage recharges the shallow aquifers leading 
t o the water logging and sub^qxient so i l sa l in iza t ion in 
the canal command a reas . The l i n i n g of the canal beds and 
improvement of the drainage, besides p lanta t ion of 
Euculyptus are suggested as remedial measures. Besides i t 
shallow tube-wells down to the depth of 2 5 metres are also 
suggested t o lower the water t ab l e upto a meaning full 
depth i , e» 4 metres below the ground. 
In the A.M.U. campus, on the o ther hand, consequent 
t o the heavy withdraw! of ground water a progressive decline 
a t ra te of 0.36 metre/year has been observed. This ca l l s for 
a caut ions and ca re fu l l plan of act ion with regard t o t t e 
future ground water development. I t i s suggested tha t deeper 
aquifers may be tapped and fur ther development of ground 
water from the shallow deplet ing aquifers be discouraged. 
Fur ther t h i s should be suppllmented with the introduct ion of 
surface I r r i g a t i o n which i s consplsously absent in the A.M,U 
caropus In oroer t o recharge the deplet ing aquifer . 
66) 
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APPENDIX ~ V 
1 . WEr^ NO. 1 
Location Railway s t a t i o n , A l iga rh owner Railway, Lucknow 
D r i l l i n g agency - C.G.W.B, 
D r i l l i n g s t a r t e d on - 16 .6 .76 
D r i l l i n g completed on - 2 5 .6 ,76 
Tota l depth d r i l l e d - 383.26 met res 
Li thology Depth range Thickness 
i n metre i n metre 
b . g . l . 
Surface c l a y 
Clay with f i ne sand & kankar 
Sand^ f i n i t e medium, grey 
micaceous 
Clay, yellow, wi th kankar 
Gravel ( S . I . C i v i s kankar) 
w i th mediuTj sand 
Clay yellow with kankar 
G r a v e l s ( S l l i c i o u s kankar) 
wi th yellow c l a y 
Gravels , CJalcerious 
Gravels , with yellow c l ay 
Gravels , c a l c e r i o u s with f ine 
sand 
Clay, ye l lov wi th g r a v e l s 
Fine send with g rave l 
Sandy c lay with kankar 
F i i « sand with g rave l 
Clay with kankar 
B e d r o c k (red sha le ) 340-383.26 43.26 
0 , 0 0 - 6 . 6 0 
6 . 6 0 - 1 0 . 1 0 
1 0 . 1 0 - 6 6 . 7 2 
6 6 . 7 2 - 9 9 . 6 9 
9 9 , 6 9 - 1 1 0 . 0 2 
1 1 0 . 0 2 - 1 2 2 . 9 7 
1 2 2 . 9 7 - 1 3 1 . 8 7 
1 3 1 . 8 7 - 1 7 2 . 7 8 
1 7 1 . 7 8 - 1 7 6 . 0 1 
1 7 6 . 0 1 - 1 7 9 . 2 1 
1 7 9 . 2 1 - 2 0 1 . 8 5 
2 0 1 . 8 5 - 2 4 7 . 5 2 
2 4 7 . 5 2 - 2 6 9 . 8 0 
2 6 9 . 8 0 - 2 8 6 . 8 5 
2 t e , 85-304 »60 
3<D4 , 0 0 - 3 4 0 . 0 0 
6 . 6 0 
3 . 5 0 
56.62 
3 2 . 9 7 
1 0 . 3 3 
1 2 . 9 5 
8 . 8 5 
4 0 . 9 6 
3 .23 
3 .20 
22 .64 
6 7 . 9 5 
2 2 . 2 8 
•17 .05 
1 7 . 6 5 
3 6 . 0 0 
2 . WELJL NO. 2 (Piezometer of C.G.W.B.) 
Locat ion - u u i l a fioad, A,M,U, Al igarh 
Owner - C.G.W.B. 
D r i l l i n g commenced on - 8-6.84 
D r i l l i n g completed on _ 30.6 .84 
D r i l l i n g agency - C.G.W.B. 
To ta l depth of d r i l l i n g - 2o65o4 met res 
L i t ho logy Depth Range Thickness in 
i n metres Metres 
b . g . l . 
Sur face s o i l with c lay , brown 
Kankar with c l ay and small amount 
of sand and f e l d s p a r minera l 
Carbonate kankar with fm. mine ra l s 9 .51-29 .91 
c l a y , sandy 
Clay, brown with t h e anount of 
kankar 
S a n d , f i n i t e medium with kankar 
& feromagnesiuro mine ra l s 
Sand with brown c l a y 
Clay, sand with kankar 
c l a y p l a s t i c i n n a t u r e , wi th 
kankar & l i t t l e sand 
Clay, bix>wn with f i n e sand and 
kankar 
Sand, f i n i t e coa r se , wi th kankar 9 2 . 66_lo8.39 15.73 
and fm minera l s 
Clay with f ine sand 108.39-111.64 3.2 5 
Clay , p l a s t i c , ye l lowish with 111.64-124.65 13.01 
kankar 
0 . 0 0 - 6 . 9 0 
6 . 9 0 - 9 . 5 1 
9 . 5 1 - 2 9 . 9 1 
2 9 . 9 1 - 3 3 . 3 1 
3 3 . 3 1 - 4 9 . 7 6 
4 9 . 7 6 - 5 5 . 7 5 
5 5 . 7 5 - 6 1 . 7 0 
6 1 . 7 0 - 8 0 . 7 9 
8 0 . 7 9 - 8 9 - 7 2 
8 9 , 7 2 - 9 2 . 6 6 
6 . 9 0 
2 . 6 1 
2 0 . 4 0 
3 . 4 0 
1 6 . 4 5 
5 .99 
5 .95 
19 .09 
b .93 
2 .94 
Contd . . 
Contid, . • 
Clay, p l a s t i c 124.65-133.63 8.98 
Clay, p l a s t i c , brown with l i t t l e 
amount of fine sand 133.63-171.66 38.03 
Clay ye l lowish ,p las t ic 171,66-188.56 16,90 
Clay, brownish with l i t t l e 
amount of fine sand 188.56-195,03 6.47 
Clay ,brownis tvplas t ic 195,03-206,04 11,01 
i n na tu re . 
3 . WELL NO. 3 . 
Location - Near Geology department ., A .M.U. Aligarh 
Owner - A.M.U. Aligarh 
Dr i l l i ng commenced on - 28.4.87 
D r i l l i n g coroplited on - 4.5.87 
Total depth of d r i l l i n g _ 112.78 metres 
Lithology Depth range 
i n metre b . g . l , 
Thickness in 
Metres 
Surface clay 
Clay with kankar 
Sand fine 
Kankar 
Sand, fine 
Clay 
Sand fine 
Clay 
Sand, mediun 
Sand medium with indural^l^ 
sand 
Clay 
Sand, fine 
Clay 
Sand medium 
Sand,^  coarse 
Sand, coarse with i n d u s t r i a l 
sand 
Sand, c a a r ^ 
Sand, medium with kaxikar clay 
0 . 0 0 - 3 . 0 5 
3 . 0 5 - 1 2 . 1 9 
1 2 . 1 9 - 1 8 . 2 9 
1 8 . 2 9 - 2 1 . 3 4 
2 1 . 3 4 - 2 4 . 3 8 
2 4 , 3 8 - 3 0 . 4 8 
3 0 . 4 8 - 3 3 . 5 3 
3 3 . 5 3 - 4 8 . 7 7 
4 8 . 7 7 - 6 4 . 0 1 
6 4 . 0 1 - 6 7 . 6 7 
6 7 . 6 7 - 7 9 . 2 5 
7 9 . 2 5 - 8 5 . 3 4 
8 5 . 3 4 - 8 8 . 3 9 
8 8 , 3 9 - 9 1 . 4 4 
9 1 . 4 4 ^ 1 0 0 . 5 8 
1 0 3 . 6 3 - 1 0 6 . 6 8 
1 0 6 . 6 8 - 1 0 9 . 7 3 
1 0 9 . 7 3 - 1 1 2 . 7 8 
3 . 0 5 
9 .14 
6 .10 
3 . 0 5 
3 .04 
6 .10 
3 . 0 5 
15 .24 
15 .24 
3 .66 
1 1 . 5 8 
6 .09 
3 . 0 5 
3 . 0 5 
9 .14 
3 . 0 5 
3 , 0 5 
3 . 0 5 
4 . WELL NO. 5 
V i l l a g e - C h i l h a u r a ( S t a t e t u b e w e l l No, 16o) 
Owner - I r r i g a t i o n d e p a r t m e n t U . P . 
D r i l l i n g commenced on - 2 1 , 6 , 8 1 
T o t a l d e p t h of d r i l l i n g - 1 2 1 , 9 7 m e t e r s 
LITHOLOGY Depth Range T h i c k n e s s 
i n m e t r e b . g . l . i n m e t r e 
S u r f a c e c l a y 
c l a y 
Sand, finite medium 
Sand, medium 
Clay 
Sand, median 
Clay, hard 
Clay 
0 . 0 0 - 6 . 1 0 
6 . 1 0 - 1 2 , 1 9 
1 2 . 1 9 - 1 5 . 2 4 
1 5 , 2 4 - 3 3 . 5 3 
3 3 . 5 3 - 3 6 . 5 8 
3 6 . 5 8 - 5 9 . 4 4 
5 9 . 4 4 - 9 7 , 5 4 
9 7 . 5 4 - 1 2 1 . 9 2 
6 .10 
6 .09 
3 . 0 5 
1 8 . 2 9 
3 . 0 5 
2 2 . 8 6 
3 8 . 1 0 
2 4 . 3 8 
». WET.L NO, 6 
L o c a t i o n P . A . C . Campus, Raraghat road , A l i g a r h 
(Tube w e l l No. 1) 
Owner - P . A . C . 
D r i l l i n g commenced o n - 1 6 , 1 , 8 3 
D r i l l i n g c o m p l e t e d on - 2 7 . 1 . 8 3 
T o t a l d e p t h of d r i l l i n g - 1 0 0 . 5 8 m e t r e s 
LITHOLOGY Dep th Range T h i c k n e s s 
i n Wet re b . g . l , i n m e t r e 
C l a y and Jcankar 
S a n d , f i n e 
S a n d , mediixn 
C l a y , sandy 
Sand , f i n i t e , medium 
w i t h k a n k a r 
i n d u s t r i a l s a n d 
C l a y 
Sand, fine with kankar 
Clay 
Sand, fine 
Sand, medium with kankar 
Sand, coarse, with kankar 
sand with industrial sand 
Clay, hard 
Ciay, sandy with kankar 
Clay, hard with kankar 
Sand, fine with industrial 
sand 
Clay sandy 
Clay hard 
0 . 0 0 - 9 . 1 4 
9 . 1 4 - 1 2 . 1 9 
1 2 . 1 9 - 1 5 . 2 4 
1 5 . 2 4 - 1 6 . 7 6 
1 6 . 7 6 - 2 4 . 3 8 
2 4 . 3 8 - 2 7 . 4 3 
2 7 . 4 3 - 2 9 . 8 7 
2 9 , 8 7 - 3 2 . 6 1 
3 2 . 6 1 - 3 5 . 9 7 
3 5 . 9 7 - 3 9 . 6 2 
3 9 . 6 2 - 4 5 . 7 2 
4 5 . 7 2 - 5 1 . 3 2 
5 1 . 3 2 - 5 3 . 3 4 
5 3 . 3 4 - 6 0 . 9 6 
6 0 . 9 6 - 6 7 . 0 6 
6 7 . 0 6 - 8 3 . 8 2 
8 3 . 8 2 ^ 8 6 . 8 7 
8 6 . 8 7 - 9 1 . 4 4 
9 1 . 4 4 - 1 0 0 . 5 8 
9 .14 
3 . 0 5 
3 . 0 5 
1.52 
7 .62 
3 . 0 5 
2 . 4 4 
2 . 7 4 
3 . 3 6 
3 . 6 5 
6 .10 
5.60 
2 .02 
7 .62 
6.10 
1 6 . 7 6 
3 . 0 5 
6 . 5 7 
9 .14 
6 . WELL NO, 11 
Vi l l age - Ta laspur 
( S t a t e tube wel l No, 159. Al igarh Groi:^) 
Owner - I r r i g a t i o n Department U.P. 
Dir i i l ing commenced on - 8 .3 .81 
Tota l depth of d r i l l i n g - 97 ,54 met res 
LIThOU)GY Depth Range 
i n met re b . g . l . 
Thickness 
i n metres 
Sur face c l a y 
Sand, f ine 
Sand, medium 
Sand medium 
wi th i n d u s t r i a l sand 
sand f i n i t e medium 
0 . 0 0 - 3 , 0 5 
3 . 0 5 - 1 2 . 1 9 
1 2 . 1 9 - 3 0 , 4 8 
3 0 , 4 8 - 6 0 . 9 6 
6 0 , 9 6 - 9 7 . 5 4 
3 , 0 5 
9 . 1 4 
18 .29 
3 0 . 4 8 
3 6 . 5 8 
7 . WET.L NO. 13 
V i l l a g e - D a s a p u r 
( S t a t e Tube w e l l No. 162, A l i g a r h g roup) 
Owner - I r r i g a t i o n Depar tmen t , U . P , 
D r i l l i n g commenced on 1 8 , 9 . 8 1 
T o t a l d e p t h of d r i l l i n g - 2 4 3 , 8 4 m e t r e s 
LITHOLOGY Depth Range 
i n m e t r e b . g . l . 
T h i c k n e s s 
i n m e t r e s 
s u r f a c e c l a y 
Sand f i n i t e medium 
C l a y & k a n k a r 
Sand f i n i t e medium 
C l a y , h a r d w i t h k a n k a r 
Sand f i n i t e medium 
Sand, medium w i t h i n d u s t r i a l 
s a n d 
C l a y h a r d w i t h k a n k a r 
Sand f i n i t e mediijm w i t h k a n k a r 
C l a y h a r d w i t h k a n k a r 
Hard s t o n e 
C l a y s andy 
C l a y w i t h k a n k a r w i t h h a r d 
s t o n e 
Sand f i n e w i t h i n d u s t r i a l 
s a n d 
C l a y & k a n k a r 
Saod , v e r y f i n e 
C l a y , k a n k a r l o h a l & s t o n e 
0 . 0 0 - 7 .62 
7 .62 - 1 6 . 7 6 
1 6 . 7 6 - 2 2 , 8 6 
2 2 , 8 6 - 3 0 . 4 8 
3 0 , 4 8 - 3 7 , 1 9 
3 7 , 1 9 - 4 1 . 1 5 
4 1 , 1 5 - 4 8 . 7 7 
4 8 . 7 7 - 8 2 . 3 0 
8 2 . 3 0 - 9 1 , 4 4 
9 1 , 4 4 - 9 9 , 0 6 
9 9 , 0 6 - 1 0 3 . 6 3 
1 0 3 . 6 3 - 1 0 5 . 1 6 
1 0 5 . 1 6 - 1 0 8 . 2 0 
7 ,62 
9 . 1 4 
6 .10 
7.62 
6 . 7 1 
3 . 9 6 
7.62 
3 3 . 5 3 
9 .14 
7 .62 
4 . 5 7 
1.53 
3 .04 
108.2C-111.25 
111.25-120.40 
120.40-160.02 
160.02-243.84 
3.05 
4.15 
39.62 
83.82 
8 . WELL NO, 15 
V i l l a g e - N izan ipur 
( S t a t e Tube wel l NQ. 171 Aligarh group) 
Owner - I r r i g a t i o n department Al igarh 
D r i l l i n g commenced on - 17 .10 .81 
Tota l depth of d r i l l i n g 73.15 metres 
LITHOLOGY 
S t i r f a c e c l a y w i t h 
C l a y & K a n k a r 
C l a y 
C l a y , s a n d y 
S a n d , medium 
C l a y Sc k a n k a r 
S a n d , f i n e 
k a n k a r 
S a n d , f i n i t e medium 
v ; i t h i n d u s t r i a l s 
C l a y c a v i n a 
a n d 
D e p t h , R a n g e , 
i n m e t r e s b . g . l . 
0 . 0 0 - 4 . 5 7 
4 . 5 7 - 7 . 6 2 
7 . 6 2 _ 1 0 , 6 7 
1 0 . 6 7 - 1 3 . 7 2 
1 3 . 7 2 - 1 6 . 7 6 
1 6 . 7 6 - 2 2 . 8 6 
2 2 . 8 6 - 2 5 . 9 1 
2 5 . 9 1 - 5 6 . 0 6 
5 6 . 0 8 - 7 3 . 1 5 
T h i c k n e s s 
i n m e t r e s 
4 . 5 7 
3 . 0 5 
3 . 0 5 
3 . 0 5 
3 . 0 4 
6 . 1 0 
3 . 0 5 
3 0 . 1 7 
1 7 . 0 7 
